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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS 
WITH MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 



Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of 
5 genetic information using novel chemically modified oligonucleotides. Such genetic information is 
preferably from a eukaryotic organism, i.e. a plant, animal or fungus. 

Background Of The Invention 

A number of methods have been developed specifically to alter the sequence of an 
isolated DNA in addition to methods to alter directiy the genomic information of various plants, fungi and 
1 0 animals, including humans ("gene therapy"). The latter methods generally include the use of viral or 
plasmid vectors carrying nucleic acid sequences encoding partial or complete portions of a particular 
protein which is expressed in a cell or tissue to effect the alteration. The expression of the particular 
protein then results in the desired phenotype. For example, retroviral vectors containing a transgenic 
DNA sequence allowing for the production of a nomnal CFTR protein when administered to defective cells 
1 5 are described in U.S. Patent 5,240,846. Others have developed different "gene therapy vectors" which 
include, for example, portions of adenovirus (Ad) or adeno-associated virus (AAV), or other viruses. The 
virus portions used are often long terminal repeat sequences which are added to the ends of a transgene 
of choice along with other necessary control sequences which allow expression of the transgene. See 
U.S. Patents 5,700,470 and 5,139,941. Similar methods have been developed for use in plants. See, for 
20 example, U.S. Patent 4,459,355 which describes a method for transforming plants with a DNA vector and 
U.S. Patent 5,188,642 which describes cloning or expression vectors containing a transgenic DNA 
sequence which when expressed in plants confers resistance to the herbicide glyphosate. The use of 
such transgene vectors in any eukaryotic organism adds one or more exogenous copies of a gene, which 
gene may be foreign to the host, in a usually random fashion at one or more integration sites of the 
25 organism's genome at some frequency. The gene which was originally present in the genome, which 
may be a normal allelic variant, mutated, defective, and/or functional, is retained in the genome of the 
host 
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These methods of gene correction are problematic in that complications which can 
compromise the health of the recipient, or even lead to death, may result. One such problem is that 
insertion of exogenous nucleic acid at random location{s) in the genome can have deleterious effects. 
Another problem with such systems includes the addition of unnecessary and unwanted genetic material 
5 to the genome of the recipient, including, for example, viral or other vector remnants, control sequences 
required to allow production of the transgene protein, and reporter genes or resistance markers. Such 
remnants and added sequences may have presently unrecognized consequences, for example, involving 
genetic rearrangements of the recipient genomes. Other problems associated with these types of 
traditional gene therapy methods include autoimmune suppression of cells expressing an inserted gene 
10 due to the presence of foreign antigens. Concerns have also been raised with consumption, especially 
p. by humans, of plants containing exogenous genetic material. 

More recentiy, simpler systems involving poly- or oligo- nucleotides have been described 
H for use in the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 

JO contiguous RNA and DNA bases in a double-sti*anded molecule folded by complementarity into a double 

^ 5 hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
- mutation or repair of plant or animal genomes. See, for example, WO 99/07865 and U.S. Patent 

hi 5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 

Irl molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 

^ involved in complex stability. Due to the length, backbone composition, and sti'uctural configuration of 

20 these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
conversion, a series of mutagenic reactions resulting in nonspecific base alteration can result. Such a 
result compromises the utility of such a molecule in methods designed to alter the genomes of plants and 
animals, including in human gene therapy applications. 
25 Alternatively, other oligo- or poly- nucleotides have been used which require a ti^iplex 

forming, usually polypurine or polypyrimidine, sti'uctural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalenfly linked 
to tiie oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
30 formation of a tiiplex and can be mutagenic. Such agents may be required in order to stabilize the ti*iplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
oligonucleotide/target base composition are insufficient See, e.g., U.S. Patent 5,422,251. The utility of 
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these oligonucleotides for directing gene conversion is connpromised by a high frequency of nonspecific 
base changes. 

in nnore recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
5 domain to the oligonucleotide. See, e.g., Culver et al., Nature Biotechnology 17: 989-93 (1999). Such 
chimeric or triplex forming molecules have distinct structural requirements for each of the different 
domains of the complete poly- or oligo-nucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 

Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
10 fragments having several hundred basepairs. See, e.g., Kunzelmann et al., Gene Ther. 3:859-867 

(1996) . Eariy experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide with no functional domains other than a region of 
complementary sequence to the target. See Campbell et al., New Biologist 1 : 223-227 (1 989). These 
experiments required large concenb'ations of the oligonucleotide, exhibited a very low frequency of 

1 5 episomal modification of a targeted exogenous plasmid gene not normally found in the cell and have not 
been reproduced. However, as shown in the examples herein, we have observed that an unmodified 
DNA oligonucleotide can convert a base at low frequency which is detectable using the assay systems 
described herein. 

Artificial chromosomes can be useful for the screening purposed identified herein. These 
20 molecules are man-made linear or circular DNA molecules constiructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et al., 1983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large genomic DNA to be modified and used 
25 for generating ti'ansgenic animals [Burke et al., Science 236:806; Peterson et al., Trends Genet. 1 3:61 

(1997) ; Choi, etal., Nat Genet, 4:117-223 (1993), Davies, etal., Biotechnology 11:911-914 (1993), 
Matsuura, et al., Hum. Mol. Genet, 5:451-459 (1996), Peterson et al., Proc. Nati. Acad. Sci., 
93:6605-6609 (1996); and Schedl, et al., Cell, 86:71-82 (1996)]. Other vectors also have been developed 
for the cloning of large segments of mammalian DNA, including cosmids, and bacteriophage PI 

30 [Sternberg et a!., Proc. Nati. Acad. Sci. U.S.A., 87:1 03-1 07 (1 990)]. YACs have certain advantages over 
these alternative large capacity cloning vectors [Burke et al., Science, 236:806-812 (1987)]. The 
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maximum insert size is 35-30 kb for cosmids, and 1 00 kb for bacteriophage P1 , both of which are much 
smaller than the maximal insert for a YAC. 

An alternative to YACs are E. coli based cloning systems based on the E. coli fertility 
factor that have been developed to construct large genomic DNA insert libraries. They are bacterial 

5 artificial chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) [Mejia et aL, Genome Res. 
7:179-185 (1997); Shizuya et al., Proc. Natl. Acad. Sci. 89:8794-8797 (1992); loannou etal., Nat Genet, 
6:84-89 (1994); Hosoda et al., Nucleic Acids Res. 18:3853 (1990)]. BACs are based on the E. coli fertility 
plasmid (F factor); and PACs are based on the bacteriophage P1 . These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 

1 0 recombination deficient hosts. Furthermore, the PACs and BACs are circular DNA molecules that are 
readily isolated from the host genomic background by classical alkaline lysis [Birnboim et al., Nucleic 
Acids Res. 7:1513-1523 (1979]. 

Oligonucleotides designed for use in the alteration of genetic information are significantly 
different from oligonucleotides designed for antisense approaches. For example, antisense 

i1 5 oligonucleotides are perfectly complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 

20 repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 

25 alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA. 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants, fungi and animals are identified and the efficiency of alteration is analyzed both in vitro using a 
30 cell-free extract assay and in vivo using a yeast cell system. The alteration in an oligonucleotide of the 
invention may comprise an insertion, deletion, substitution, as well as any combination of these. Site 
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specific alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for 
creating animal models for human disease, and in gene therapy. As described herein, oligonucleotides of 
the invention target directed specific gene alterations in genomic double-stranded DNA cells. The target 
DNA can be normal, cellular chromosomal DNA, extrachromosomal DNA present in cells in different 
forms including, e.g., mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial 
chromosomes (YACs), bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as 
well as episomal DNA, including episomal DNA from an exogenous source such as a plasmid or 
recombinant vector. Many of these artificial chromosome constructs containing human DNA can be 
obtained from a variety of sources, including, e.g., the Whitehead Institute, and are described, e.g., in 
Cohen et al., Nature 336:698-701 (1993) and Chumakov, et al., Nature 377:174-297 (1995). The target 
DNA may be transcriptionally silent or active. In a preferred embodiment the target DNA to be altered is 
the non-transcribed strand of a genomic DNA duplex. 

The low efficiency of gene alteration obtained using unmodified DNA oligonucleotides is 
believed to be largely the result of degradation by nucleases present in the reaction mixture or the target 
cell. Although different modifications are known to have different effects on the nuclease resistance of 
oligonucleotides or stability of duplexes formed by such oligonucleotides (see, e.g., Koshkin et al., J.Am. 
Chem. Soc. 1 20:1 3252-3), we have found that it is not possible to predict which of any particular known 
modification would be most useful for any given alteration event, including for the construction of gene 
conversion oligonucleotides, because of the interaction of different as yet unidentified proteins during the 
gene alteration event Herein, a variety of nucleic acid analogs have been developed that increase the 
nuclease resistance of oligonucleotides that contain them, including, e.g., nucleotides containing 
phosphorothioate linkages or 2-0-methyl analogs. We recently discovered that single-stranded DNA 
oligonucleotides modified to contain 2'-0-methyl RNA nucleotides or phosphorothioate linkages can 
enable specific alteration of genetic information at a higher level than either unmodified single-stranded 
DNA or a chimeric RNA/DNA molecule. See priority applications incorporated herein in their entirety; see 
also Gamper et al., Nucleic Acids Research 28: 4332-4339 (2000). We also found that additional nucleic 
acid analogs which increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
"locked nucleic acids" or "LNAs", xylo-LNAs and L-ribo-LNAs; see, for example, Wengel & Nielsen, WO 
99/14226; Wengel, WO 00/56748 and Wengel, WO 00/66604; also allow specific targeted alteration of 
genetic information. 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
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modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event, an oligonucleotide that matches its target completely, an oligonucleotide in which all 
5 linkages are phosphorothiolated, an oligonucleotide fully substituted with 2'-0-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a tower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
1 0 concentrations, as well as optimization of either the source of cell extract by testing different organisms or 
strains, or testing cells derived from different organisms or strains, or cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
L!: several new structures are identified as viable molecules in nucleotide conversion to direct or repair a 

rJ{ genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 

'35 analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chimera 
bl structure when evaluated using an jn vifro gene repair assay. Similar results are also observed in vivo 

[1 using yeast mammalian, rodent monkey, human and embryonic cells, including stem cells. Molecules 

O containing various lengths of modified bases were found to possess greater activity than unmodified 

' 20 single-stranded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of genetic material, including gene mutation, targeted gene 

25 repair and gene knockout The oligonucleotides are preferably used for mismatch repair or alteration by 
changing at least one nucleic acid base, or for frameshift repair or alteration by addition or deletion of at 
least one nucleic acid base. The oligonucleotides of the invention direct any such alteration, including 
gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockouf ) a particular protein activity. 

30 The oligonucleotides of the invention are designed as substrates for homologous pairing 

and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
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DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oligo-nucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
5 herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that singie-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligo-nucleotide, and 
having at least one modified end, preferably at the 3* terminal region are able to alter a target genetic 
1 0 sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
r\ disclosed in US Patent 5,565,350. Oligonucleotides of the invention can efficiently be used to introduce 

lif targeted alterations in a genetic sequence of DNA in the presence of human, animal, plant, fungal 
1^^ (including yeast) proteins and in cultured cells of human liver, lung, colon, cervix, kidney, epethelium and 

cl cancer cells and in monkey, hamster, rat and mouse cells of different types, as well as embryonic stem 

i ll 5 cells. Cells for use in the invention include, e.g., fungi including S. cerevisiae, Ustillago maydis and 
1^ Candida albicans, mammalian, mouse, hamster, rat, monkey, human and embryonic cells including stem 

lii cells. The DNA domain is preferably fully complementary to one strand of the gene target, except for the 

J mismatch base or bases responsible for the gene alteration or conversion events. On either side of the 

preferably central DNA domain, the contiguous bases may be either RNA bases or, preferably, are 
20 primarily DNA bases. The central DNA domain is generally at least 8 nucleotides in length. The base(s) 
targeted for alteration in the most preferred embodiments are at least about 8, 9 or 10 bases from one end 
of the oligonucleotide. 

According to certain embodiments, the termini of the oligonucleotides of the present 
invention comprise phosphorothioate modifications, LNA backbone modifications, or 2'-0-methyl base 
25 analogs, or any combination of these modifications. Oligonucleotides comprising Z-O-methyl or LNA 
analogs are a mixed DNA/RNA polymer. These oligonucleotides are, however, single-stranded and are 
not designed to form a stable internal duplex structure within the oligonucleotide. The efficiency of gene 
alteration is surprisingly increased with oligonucleotides having internal complementary sequence 
comprising phosphorothioate modified bases as compared to 2 -O-methyl modifications. This result 
30 indicates that specific chemical interactions are involved between the converting oligonucleotide and the 
proteins involved in the conversion. The effect of other such chemical interactions to produce nuclease 
resistant termini using modifications other than LNA, phosphorothioate linkages, or 2 -O-methyl analog 
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incorporation into an oligonucleotide can not yet be predicted because the proteins involved in the 
alteration process and their particular chemical interaction with the oligonucleotide substituents are not 
yet known and cannot be predicted. 

In the examples, correcting oligonucleotides of defined sequence are provided for 
correction of genes mutated in human diseases. In the tables of these examples, the oligonucleotides of 
the invention are not limited to the particular sequences disclosed. The oligonucleotides of the invention 
include extensions of the appropriate sequence of the longer 120 base oligonucleotides which can be 
added base by base to the smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of 
the invention include for each correcting change, oligonucleotides of length 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 
1 07, 1 08, 1 09, 1 1 0, 1 1 1 , 1 1 2, 1 1 3, 1 1 4, 1 1 5, 1 1 6, 1 1 7, 1 1 8, 1 1 9, or 1 20 with further single-nucleotide 
additions up to the longest sequence disclosed. Moreover, the oligonucleotides of the invention do not 
require a symmetrical extension on either side of the central DNA domain. Similarly, the oligonucleotides 
of the invention as disclosed in the various tables for correction of human diseases contain 
phosphorothioate linkages, 2'-0-methyl analogs or LNAs or any combination of these modifications just 
as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any 
combination of additional LNAs, phosphorothioate linkages or 2'-0-methyl analogs to maximize 
conversion efficiency. For oligonucleotides of the invention that are longer than about 1 7 to about 25 
bases in length, internal as well as terminal region segments of the backbone may be altered. 
Alternatively, simple fold-back structures at each end of a oligonucleotide or appended end groups may 
be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 
modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type of backbone modification(s) that are used. If constructs of identical sequence having 
phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2'-0-methyl base analogs are compared, 1, 2, 3 or 4 
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analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 
efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
5 oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 

testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2-0-methyl 
substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

1 0 Increasing the number of phosphorothioate linkages, LNAs or 2'-0-methyl bases beyond 

a the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 

Jif Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 

of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
CO tide thereby allowing it to survive within the cellular environment However, this may not be the only 

i il 5 possible mechanism by which such modifications confer greater efficiency of conversion. For example, 

as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
|y efficiency of conversion than other modifications. 

^ J Efficiency of conversion is defined herein as the percentage of recovered substate 

molecules that have undergone a conversion event Depending on the nature of the target genetic 

20 material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 

containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 
the desire change. The oligonucleotides of the invention in different embodiments can alter DNA one, two, 
three, four, five, six, seven, eight nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 

25 control oligonucleotides. Such control oligonucleotides are oligonucleotides with fully phosphorothiolated 
linkages, oligonucleotides that are fully substituted with 2 -0-methyl analogs, a perfectly matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 
oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interfere with the 

30 ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 
which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
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example, fully phosphorothiolated or fully 2-0-methylated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optinnized for the purpose of targeted alteration 
of genetic material, Including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either the Watson or the Crick strand of 
DNA and can include any component of the genome including, for example, intron and exon sequences. 
The preferred embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed 
strand of a genomic DNA duplex. In other mr6s, the preferred oligonucleotides of the invention target the 
sense strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non- 
transcribed strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA 
duplex is found in the mRNA produced from that duplex, given that mRNA uses uracil-containing 
nucleotides in place of thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular ti-iplex forming domain have reproducibly enhanced gene repair 
activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded hairpin 
conti-ol or single-stranded oligonucleotides comprising other backbone modifications \Nas surprising. The 
single-stranded molecules of the invention totally lack the complementary RNA binding sti-ucture that 
stabilizes a normal chimeric double-stranded hairpin of the type disclosed in U.S. Patent 5.565,350 yet is 
more effective in producing targeted base conversion as compared to such a chimeric RNA-DNA double- 
stranded hairpin. In addition, the molecules of the invention lack any particular triplex forming domain 
involved in Hoogsteen interactions with the DNA double helix and required by other known 
oligonucleotides in other oligonucleotide dependant gene conversion systems. Although the lack of these 
functional domains was expected to decrease the efficiency of an alteration in a sequence, just the 
opposite occurs: the efficiency of sequence alteration using the modified oligonucleotides of the invention 
is higher than the efficiency of sequence alteration using a chimeric RNA-DNA hairpin targeting the same 
sequence alteration. Moreover, the efficiency of sequence alteration or gene conversion directed by an 
unmodified oligonucleotide is many times lower as compared to a conti"ol chimeric RNA-DNA molecule or 
the modified oligonucleotides of the invention targeting the same sequence alteration. Similariy, 
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molecules containing at least 3 2'-0-methyl base analogs are about four to five fold less efficient as 
compared to an oligonucleotide having the same number of phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 17 
to about 121 nucleotides in length, preferably about 17 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic infomiation. Checking for self- 
dimerization tendency can be accomplished manually or, more preferably, by using a software program. 
One such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies (Coralville, lA 
52241) (http://www.idtdna.com); this program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 
oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 
associated with such self-dimerization. Delta G-values ttiat are negative and large in magnitude, 
indicating strong self-dimerization potential, are automatically flagged by the software as "bad". Anottier 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR. Inc., 
1228 S. Park St., Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelect.html). 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking ttie 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA. which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment, the oligonucleotides of the invention are complementary to the non-ti-anscribed 
sti-and of a duplex. In other words, the preferred oligonucleotides target the sense sti-and of the DNA, i.e. 
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the oligonucleotides of the invention are preferably complementary to the strand of the target DNAthe 
sequence of which is found in the mRNA. 

The oligonucleotides of the invention can include more than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), electroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 
uptake. According to certain preferred embodiments of the present invention, the isolated cells are 
treated in culture according to the methods of the invention, to mutate or repair a target gene. Modified 
cells may then be reintroduced into the organism as, for example, in bone marrow having a targeted 
gene. Alternatively, modified cells may be used to regenerate the whole organism as, for example, in a 
plant having a desired targeted genomic change. In other instances, targeted genomic alteration, 
including repair or mutagenesis, may take place in vivo following direct administration of the modified, 
single-stranded oligonucleotides of the invention to a subject. 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
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genetic complement of the organism. Such agents may, for example, be used to develop plants or 
animals with improved traits by rationally changing the sequence of selected genes in cultured cells. 
Modified cells are then cloned into whole plants or animals having the altered gene. See, e.g., U.S. 
Patent 6,046,380 and U.S. Patent 5,905,1 85 incorporated hererin by reference. Such plants or animals 
produced using the compositions of the invention lack additional undesirable selectable markers or other 
foreign DNA sequences. Targeted base pair substitution or frameshift mutations introduced by an oligo- 
nucleotide in the presence of a cell-free extract also provides a way to modify the sequence of 
extrachromosomal elements, including, for example, plasmids, cosmids and artificial chromosomes. The 
oligonucleotides of the invention also simplify the production of transgenic animals having particular 
modified or inactivated genes. Altered animal or plant model systems such as those produced using the 
methods and oligonucleotides of the invention are invaluable in determining the function of a gene and in 
evaluating drugs. The oligonucleotides and methods of the present invention may also be used for gene 
therapy to correct mutations causative of human diseases. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures as a pharmaceutical composition adapted for bathing cells in culture, for microinjection into 
cells in culture, and for inti^avenous administration to human beings or animals. Typically, compositions 
for cellular administi*ation or for inti-avenous administi^ation into animals, including humans, are solutions 
in sterile isotonic aqueous buffer. Where necessary, the composition may also include a solubilizing 
agent and a local anaesthetic such as lignocaine to ease pain at the site of the injection. Generally, the 
ingredients will be supplied either separately or mixed together in unit dosage form, for example, as a dry, 
lyophilized powder or water-free concent-ate. The composition may be stored in a hermetically sealed 
container such as an ampule or sachette indicating the quantity of active agent in activity units. Where 
the composition is administered by infusion, it can be dispensed with an infusion bottle containing sterile 
pharmaceutical grade "water for injection" or saline. Where the composition is to be administered by 
injection, an ampule of sterile water for injection or saline may be provided so that the ingredients may be 
mixed prior to adminisfration. 

Pharmaceutical compositions of this invention comprise the compounds of the present 
invention and pharmaceutically acceptable salts thereof, with any pharmaceutically acceptable ingredient, 
excipient, carrier, adjuvant or vehicle. 

The oligonucleotides of the invention are preferably administered to the subject in the 
form of an injectable composition. The composition is preferably administered parenterally, meaning 
infavenously, inti^aarterially, infrathecally, interstitially or inti^acavitahlly. Pharmaceutical compositions of 
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this invention can be administered to mammals including humans in a manner similar to other diagnostic 
or therapeutic agents. The dosage to be administered, and the mode of administration will depend on a 
variety of factors including age, weight, sex, condition of the subject and genetic factors, and will 
ultimately be decided by medical personnel subsequent to experimental determinations of varying dosage 
as described herein. In general, dosage required for correction and therapeutic efficacy will range from 
about 0.001 to 50,000 |jg/kg. preferably between 1 to 250 jjg/kg of host cell or body mass, and most 
preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment, 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast, lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 1 00,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The kit may comprise an addition reagent or article of manufacture. The additional reagent or 
article of manufacture may comprise a cell extract a cell, or a plasmid, such as one of those disclosed in 
the Figures herein, for use in an assay of the invention. 

Brief Description Of The Drawrinqs 

Figure 1. Flow diagram for the generation of modified single-stranded oligonucleotides. 
The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-stranded oligonucleotides that contain (A) 2-0-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for correction of kan' in the HUH7 cell-free 
extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et a!., Cancer Research 
42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 
residue mismatched to the complementary sequence of the kan' gene. The numbers 3, 6, 8, 10, 12 and 
12.5 respectively indicate how many phosphorothioate linkages (S) or 2*-0-methyl RNA nucleotides (R) 
are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DNA residues, wavy lines indicate 2'-0-methyl RNA 
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residues and the carat indicates the mismatched base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-stranded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK^m4021 . 
A mutant kanamycin gene harbored in plasmid pK^m4021 is the target for correction by oligonucleotides. 
The mutant G is converted to a C by the action of the oiigo. Corrected plasmids confer resistance to 
kanamycin in E.coli (DH1 OB) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence connection of a frameshift mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid pPA208 contains a single base deletion mutation at 
position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DNA sequences of representative kan' colonies. Confirmation of sequence 
alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 1 0S/25G and 1 2S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
{+) symbol indicates the codon identified while a figure after the {+) symbol indicates the number of 
colonies with a particular sequence. TAC/TAG indicates a mixed peak. Representative DNA sequences 
are presented below the table with yellow highlighting altered residues. 

Figures. Gene correction in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the pCMVneo(")FIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 
results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing the corrected plasmid gene appear 
green while "uncorrected" cells remain coioriess. 
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Figure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cell 
represented in Figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 
protein is contained within the cell. 

Figure 7. Hygromycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, at codon 46, of the Hygromycin B 
coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
base substitution mutation introducing a G at nucleotide 137, at codon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 10. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 
presence of dextrose. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric 
backbones (see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) 
are used to correct a point mutation in the kanamycin gene of pK^m4021 (Figure 2) or the tetracycline 
gene of pT^A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding f j 
target base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1C 
and Figure 1 D. Each plasmid contains a functional ampicillin gene. Kanamycin gene function is restored 
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when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid, 
pAURNeo(-)FiAsH (Figure 9), bearing the kan^ gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FIAsH 
ligand into the pAUR123 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S. cerevisiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo-+^FIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 
alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 
Additional constructs can be made to test additional gene alteration events. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, 
pHyg(A)eGFP, pHyg(ins)eGFP, that contain a substitution mutation at nucleotide 137 of the hygromycin- 
B coding sequence, (rep) indicates a T137-4G replacement, (A) represents a deletion of the G137 and 
(ins) represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 
termination codon at residue 46. We use pHygEGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PGR protocol. First we generate overlapping 5' and a 3' amplicons surrounding the mutation site by PGR 
for each of the point mutation sites. A 21 5 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5'-AATACGACTCACTATAGG-3') to primer 
Hygrepr (5'GACCTATCCACGCCCTCC-3'), HygAr (5'-GACTATCCACGCCCTCC-3'), or Hyginsr (5'- 
GACATTATCCACGCCCTGC-3'), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or 
(ins) by polymerization from oligonucleotide primers Hygrepf (5'-CTGGGATAGGTCCTGCGG-3'), HygAf 
(5'-CGTGGATAGTCCTGCGG-3'), Hyginsf (5'-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (5'-AAATCACGCCATGTAGTG-3'). We mix 20 ng of each of the resultant 5" and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and RsrII resti-iction endonuclease sites. We use the Expand PGR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94°C for 10 seconds, annealing 
at 55"G for 20 seconds and elongation at 68'G for 1 minute. We digest 10 pg of vector pHygEGFP and 5 
|jg of the resulting fragments for each mutation with Kpnl and RsrII (NEB) and gel purify the fragment for 
enzymatic ligation. We ligate each mutated insert into pHygEGFP vector at 3:1 molar ration using T4 
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DNA ligase (Roche). We screen clones by restriction digest, confirm the mutation by Sanger dideoxy 
chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described in 
Gamper ef a/., Biochem. 39, 5808-5816 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 |jg/ml per Ajgo unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The E.co// strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Cell-free extracts. We prepare cell-fi-ee extracts from HUH7 cells or other mammalian 
cells, as follows. We employ this protocol with essentially any mammalian cell including, for example, 
HI 299 cells (human epithelial carcinoma, non-small cell lung cancer), CI 271 (immortal murine mammary 
epithelial cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 
(human colon cancer), HCT116 (human colon carcinoma), LoVo (human colon adenocarcinoma), and 
HeLa (human cervical carcinoma). We harvest approximately 2x10® cells. We then wash the cells 
immediately in cold hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1.5 mM MgCl2; 1 mM DTT) with 
250 mM sucrose. We then resuspend the cells in cold hypotonic buffer without sucrose and after 15 
minutes we lyse the cells with 25 sft-okes of a Dounce homogenizer using a tight fitting pestie. We 
incubate the lysed cells for 60 minutes on ice and centrifuge the sample for 15 minutes at 12000xg. The 
cytoplasmic fraction is enriched with nuclear proteins due to the extended co-incubation of the fractions 
following cell breakage. We then immediately aliquote and freeze the supernatant at -SO'C. We 
determine the protein concenti-ation in the extract by the Bradford assay. 

We also perform these experiments with cell-free exti-acts obtained from fungal cells, 
including, for example, S. cerevisiae (yeast), Ustilago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30°C. We then centi-ifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, 1mM EDTA lysis solution and freeze them 
on dry ice. After ttiawing, we add KCI, spemiidine and lyticase to final concenft-afions of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
XI 00 to final concenft-ations of 0.1 mM and 0.1% and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at 3000xg for 1 0 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at 30000xg for 1 5 minutes. We then add glycerol to the clarified exti-act to a 
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concentration of 10% (v/v) and freeze aliquots at-80'C. We determine the protein concentration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 pi are used, consisting of 1 0-30 pg protein of cell-free extract, 
which can be optionally substituted with purified proteins or enriched fractions, about 1.5 pg chimeric 
double-hairpin oligonucleotide or 0.55 |jg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 pg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 1 5 mM MgCl2, 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at 30*C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 15,000 r.p.m. at 4*C for 30 min., is washed with 70% ethanol, resuspended in 50 pi H2O, and is stored 
at -20^*0. 5 Ml of plasmid from the resuspension (~1 00 ng) was transfected in 20 |jI of DH10B cells by 
electroporation (400 V, 300 pF, 4 kO) in a Cell-Porator apparatus (Life Technologies). After electro- 
poration, cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37**C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 1 0 |jg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37°C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 |jI SOC. 200 |jI is added undiluted to each of two kanamycin (50 pg/ml) 
agar plates and 200 |jI of a 10^ dilution is added to an ampicillin (100 pg/ml) plate. After overnight 37'C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 1 0"^ to correct for the amp dilution. 

The following procedure can also be used. 5 |jI of resuspended reaction mixtures (total 
volume 50 mO are used to transform 20 Ml aliquots of electro-competent AH1 OB bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37*C for 
1 hour at which time 50 |jg/ml kanamycin or 12 \jQln\\ tetracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 pi of SOC. 100 pi aliquots are plated 
onto kan or tet agar plates and 1 00 mI of a 1 0'"^ dilution of the cultures are concurrently plated on agar 
plates containing 100 pg/ml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABl Prism kit on an ABI 310 capillary 
sequencer (PE Biosystems). 
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Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1A) 2'-0-methyl RNA nucleotides or (Figure 1B) phosphorothioate 
linkages. Fold changes in repair activity for correction of kan^ in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan^ gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan^ system. Alternatively, 
molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment, presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-mer; the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-sfrand molecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event. 

The efficiency of gene repair directed by phosphorothioate-modified, single-sti-anded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
tiie original chimera as it relates to correction. Consft-uct 111 represents the "RNA-containing" sti-and of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But, as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2'-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G-C exchange. To confirm that the specific 
desired correction alteration was obtained, colonies selected at random from multiple experiments are 
processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies generated through 
the action of the single-sti-anded molecules 3S/25G (iX), 6S/25G (X) and 8S/25G (XI) respectively 
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contained plasmid molecules harboring the targeted base correction. While a few colonies appeared on 
plates derived from reaction mixtures containing 25-mers with 10 or 12 thioate linkages on both ends, the 
sequences of the plasmid molecules from these colonies contain nonspecific base changes. In these 
illustrative examples, the second base of the codon is changed (see Figure 3). These results show that 
5 modified single-strands can direct gene repair, but that efficiency and specificity are reduced when the 
25-mers contain 10 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively Indicate how many 
phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the examplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
1 0 Hence ollgo 1 2S/25G represents a 25-mer oligonucleotide which contains 1 2 phosphorothioate linkages 
f on each side of the central G target mismatch base producing a fully phosphorothioate linked backbone, 
;| displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 

the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
HI indicate 2'-0-methyl RNA residues and the carat indicates the mismatched base site (G). 

J;5 Correction of a mutant kanamycin gene in cultured mammalian cells. The experiments 

1 are performed using different mammalian cells, including, for example, 293 cells (transformed human 

ill primary kidney cells), HeLa cells (human cervical carcinoma), and HI 299 (human epithelial carcinoma, 

non-small cell lung cancer). HeLa cells are grown at 37-C and 5% CO2 in a humidified incubator to a 
p density of 2 x 1 0^ cells/ml In an 8 chamber slide (Lab-Tek). After replacing the regular DMEM with 

" 20 Optimem, the cells are co-transfected with 1 0 pg of plasmid pAURNeo(-)FIAsH and 5 of modified 
single-stranded oligonucleotide (3S/25G) that is previously complexed with 10 |jg lipofectamine, 
according to the manufacturer's directions (Life Technologies). The cells are treated with the liposome- 
DNA-oligo mix for 6 hrs at 37°C. Treated cells are washed with PBS and fresh DI^EM is added. After a 
16-18 hr recovery period, the culture is assayed for gene repair. The same oligonucleotide used in the 
25 cell-free extract experiments is used to target transfected plasmid bearing the kan^ gene. Correction of 
the point mutation in this gene eliminates a stop codon and restores full expression. This expression can 
be detected by adding a small non-fluorescent ligand that bound to a C-C-R-E-C-C sequence in the 
genetically modified carboxy terminus of the kan protein, to produce a highly fluorescent complex (FlAsH 
system, Aurora Biosciences Corporation). Following a 60 min incubation at room temperature with the 
30 ligand (FIAsH-EDT2), cells expressing full length kan product acquire an intense green fluorescence 

detectable by fluorescence microscopy using a fluorescein filter set. Similar experiments are performed 
using the HygeGFP target as described in Example 2 with a variety of mammalian cells, including, for 
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example, COS-1 and COS-7 cells (African green monkey), and CH0-K1 cells (Chinese hamster ovary). 
The experiments are also performed with PG1 2 cells (rat pheochromocytoma) and ES cells (human 

embryonic stem cells). 

Summary of experimental results. Tables 1, 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan^m4021 
(see Figure 1). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan'm4021 point 
mutation catalyzed by plant cell extracts prepared from canola and musa (banana). Colony numbers are 
presented as kan^ ortef and fold increases (single strand versus double hairpin) are presented for kan' in 
Tablet 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein fi-om 
an episomal target. Gene repair is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a "Z-series" of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the novel oligonucleotides of the invention is elevated 
approximately 3-4-fold when compared to frequencies directed by chimeric RNA-DNA double hairpin 
oligonucleotides. 

This strategy centers around the use of extracts from various sources to conrect a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 
in E.coli grown in the presence of the specified antibiotic. The importance of this system is that both 
phenotypic alteration and genetic inheritance can be measured. Plasmid pK'm4021 contains a mutation 
(T-G) at residue 4021 rendering it unable to confer antibiotic resistance in E.coli. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
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plasmid contamination skewing the colony counts, the directed correction is from G->C rather than G-T 
(wild-type). After isolation, the piasmid is electroporated into the DH10B strain of £co//, which contains 
inactive RecA protein. The number of l^anamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the Influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment. A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region Is made up of a 5 base pair DNA/DNA 
segment bracketed by 1 0 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to con-ectthe kan^ 
mutation, gene repair is observed (I in Figure 1A). Chimera II (Figure 1B) differs partly from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan' mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid pPA208, described in Figure 1 (C) 
and Figure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at position 208, is 
used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract, plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extract or 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison of pl)osphorothioate oligonucleotides to 2'-0-metliyl substituted 
oiigonucleoMes. From a comparison of molecules VII and XI, it is apparent that gene repair is more 



03/27/01 08:20 pm 
03132.001 — INY1727604 1 



-24- 



subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotdes contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2'-0-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the strand containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK'm4021 and the following single-stranded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Oligol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGIG corrects the original mutation present 
in the kanamycin resistance gene of pK'm4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5 -end sequence 
TTCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. 01igo2 directs correction of the mutation in pK'm4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pK'M4021 plasmid. These include, for example, a second 25-mer that 
alters two nucleotides that are three nucleotides apart with the sequence 5 - 
TTGTGCCCAGTCGTAICCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence 5-CATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-3'; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5'- 

GCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAAT 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK'm4021 by monitoring kanamycin 
resistance (the second alterations which are directed by Oligo2 and Oligo3 are silent with respect to the 
kanamycin resistance phenotype). In addition, in experiments with 01igo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme Tsp5091 which cuts at a specific site present only 
when the second alteration has occurred (at ATT in 01igo2). We then sequence these clones to 
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determine whether the additional, silent alteration has also been introduced. The results of an analysis 
are presented below: 





Oligol {25-mer) 


Ollgo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide, Electrophoretic analysis of 
nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 
JJJ1 0 Plant extracts direct repair The modified single-stranded constructs can be tested in 

plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well as 
JJl spinach chloroplast extract We prepare the extracts by grinding plant tissue or cultured cells under liquid 

nitrogen with a mortar and pestle. We extract 3 ml of the ground plant tissue with 1 .5 ml of extraction 
d 1 5 buffer (20 mM HEPES, pH7.5; 5 mM Kcl; 1 .5 mM MgCl2; 1 0 mM DTT; 1 0% [v/v] glycerol; and 1 % [w/v] 
PVP). We then homogenize the samples with 15 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000xg for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
Bradford assay. We dispense 100 pg (protein) aliquots of the extracts which we freeze in a dry ice- 
20 ethanol bath and store at -SOX. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
25 a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Table I 



Gene repair activity is directed by single-stranded oligonucleotides. 



Oligonucleotide Plasmid Extract (ug> kan'^ colonies 



Fold increase 



I 
I 

n 
II 
m 
III 

IV 
IV 
V 
V 
VI 
VI 

vn 
vn 

Vffl 

vm 

DC 
IX 
X 
X 
XI 
XI 

xn 
xn 
xin 
xni 

I 



pK°m4021 



10 


300 




20 


418 


l.Ox 


10 


537 




20 


748 


1.78x 


10 


3 




20 


5 


0.0 Ix 


10 


112 




20 


96 


0.22x 


10 


217 




20 


342 


0.81x 


10 


6 




20 


39 


0.093x 


10 


0 




20 


0 


Ox 


10 


3 




20 


5 


O.Olx 


10 


936 




20 


1295 


3.09X 


10 


1140 




20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.059X 


10 


0 




20 


4 


0.009X 


20 


0 
0 





Plasmid pK^in4021 (l^ig), the indicated oligonucleotide (1.5 ^ig chimeric oligonucleotide 
or 0.55 Jig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 10 or 20 \xg of HUH7 cell-free extract were incubated 45 min at 37*^C. Isolated 
plasmid DNA was electroporated into E, coli (strain DHIOB) and the number of kan'^ 
colonies counted. The data represent the nimiber of kanamycin resistant colonies per 10^ 
ampicillin resistant colonies generated from the same reaction and is the average of three 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 418 kan*^ colonies (second reaction) and in all reactions was calculated using 
the 20^g sample. 
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Table II 



Modified single-stranded oligomers are not dependent on MSH2 or MSH3for optimal 

gene repair activity. 



A. Oligonucleotide Plasmid 



Extract 



kan*^ colonies 



IX (3S/25G) 

X (6S/25G) 
IX 

X 

IX 

X 

IX 

X 



HUH7 

HUH7 

MEF2-'- 

MEF2"'" 

MEF3-'- 

MEF3"'" 

MEF*'^ 

MEF*'* 

MEF2-'- 

MEF3-'- 

MEF*'* 



637 

836 

781 

676 

582 

530 

332 

497 

10 

5 

14 



Oiimeric oligonucleotide (1.5 jig) or modified single-stranded oligonucleotide (0.55 \xg) 
was incubated with l^g of plasmid pK'm4021 and 20^g of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (T'') or MSH3 (3''") deleted. 
MEF"^ indicates wild-type mouse embryonic fibroblasts. The other reaction components 
were tiien added and processed through the bacterial readout system. The data represent the 
nmnber of kanamycin resistant colonies per 10^ ampicillin resistant colonies. 
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Table III 

Frameshift mutation repair is directed by single-stranded oligonucleotides 



Oligonucleotide 



Plasmid 



Extract tef colonies 



Tet IX (3S/25A; 0.5 ng) prA208 (l^g) 



TetIX(0.5ng) 
TetIX(1.5ng) 
Tet IX (2.0 ng) 
Tet I (chimera; 1.5 ng) 



20ng 



0 

0 

48 

130 

68 

48 



Each reaction mixture contained the indicated amounts of plasmid and oligonucleotide. 
The extract used for these experiments came from HUH7 cells. The data represent the 
number of tetracycline resistant colonies per 10* ampicillin resistant colonies generated 
from the same reaction and is the average of 3 independent experiments. Tet I is a 
chimeric oHgonucleotide and Tet IX is a modified single-stranded oligonucleotide that 
are designed to insert a T residue at position 208 of pT*A208. These oligonucleotides are 
equivalent to structures I and DC in Figure 2. 
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Table IV 

Plant cell-free extracts support gene repair by single-stranded oligonucleotides 
Oli gonucleotide Plasmid 



II (chimera) 

IX (3S/25G) 

X (6S/25G) 

II 
IX 
X 



IX 
X 



pKW021 



Extract 


kan'' colonies 


30|ig Canola 


337 


Canola 


763 


Canola 


882 


Miisa 


203 


Mtisa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


- Canola 


0 


- Musa 


0 



Canola or Musa cell-free extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide II (L5 |ag) and 
modified single-stranded oligonucleotides IX and X (0.55|ag) were used to correct 
pKW02L Total number of kan' colonies are present per 10^ ampicillin resistant 
colonies and represent an average of foxir independent experiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this example, single-stranded oligonucleotides with modified backbones and double- 
hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 
plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 
pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, atcodon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 
pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, atcodon 46 of the 
hygromycin B coding sequence, is deleted and a Cis substituted for the T at position 1 37, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 1 37 of the 
hygromycin-B coding sequence as follows, (rep) indicates a T137->G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by resti^iction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Panvera, CA). We digest 10 mq pAUR123 vector DNA, as well 
as, 10 Mg of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 
fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ration using T4 DNA ligase (Roche). We screen clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 
support correction under a variety of conditions. The oligonucleotides which direct correction of the 
n.utation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art. One of these oligonucleotides, HygE3T/74, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. 

Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 
hairpin oligonucleotides and single-sti-anded oligonucleotides (including those with the indicated 
modifications) as described in Example 1. Plasmids used for assay were maintained stably in yeast 
{Saccharomyces cerevisiae) strain LSY678 MATa at low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electi-oporation as follows: to prepare 
electi-ocompetent yeast cells, we inoculate 1 0 ml of YPD media from a single colony and grow the 
cultures ovemight with shaking at 300 rpm at 30*C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30'C until the OD^ao was between 0.5 and 1 .0 (3-5 hours). We 
then wash the cells by centrifuging at 4"C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centi-ifuge at4°C at 3000 rpm for 5 minutes and resuspend in 1 ml 
ice-cold 1 M sorbitol and then finally centi-ifuge the cells at 4°C at 5000 rpm for 5 minutes and resuspend 
the cells in 120 pi 1M sorbitol. To transform electi-ocompetent cells with plasmids or oligonucleotides, we 
mix 40 Ml of cells with 5 pg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then ti-ansferthe mixture to a 0.2 cm elect-oporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 pF, 200 Q for one five-second pulse. We then immediately resuspend the 
cells in 1 ml YPD supplemented with 1M sorbitol and incubate the cultures at 30°C with shaking at 300 
rpm for 6 hours. We then spread 200 pi of this culture on selective plates containing 300 pg/ml 
hygromycin and spread 200 |j1 of a 10^ dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30''C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 
of hygromycin resistance colonies per 10^ aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
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Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 
activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 
hygromycin resistant colonies above background and thus Kan70T did not support gene con-ection in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficientiy tiian the 25-base oligonucleotide 
(HygE3T/25). We also perfomi conti-ol experiments with LSY678 yeast cells containing the plasmid 
pAURHYG(wt)GFP. With this st-ain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid; These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-merwith the sequence 5'- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 

GTTTCTAC-3'; a 74-mer that alters two basepairs that are 1 5 nucleotides apart with the sequence 5'- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 

GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5'- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 

GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting tt)e sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two sti-ands of the target 
sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74a, with sequence complementary to the sense 
sti-and (i.e. the sft-and of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene con-ection approximately ten-fold more efficientiy than an oligonucleotide, HygE3T/7 4, 
with sequence complementary to the non-ti-anscribed sti-and which serves as the template for the 
synthesis of RNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 
concenti-ations from 0-3.6 mo, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74a and HygE3T/74). 
Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether tiie oligonucleotides were used to correct the base substitution 
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mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to conrect both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 As shown in 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 
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Correction of an insertion mutation in pAURHYGiinsjGFP by HygGG/Rev, HygE3T/25 and HygE3m4 



Oligonucleotide Tested 


Colonies on 


Colonies on 


Correction 




Hygromycin 


Aureobasidin (/10^) 


Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting the sense strand of the target sequence corrects more efficiently. 



Amount of Oligonucleotide (pg) 


Colonies per hygromycin plate 




HygE3T/74 


HygE3T/74a 


0 


0 


0 


0.6 


24 


128 (8.4xr 


1.2 


69 


140(7.5xr 


2.4 


62 


167(3.8xr 


3.6 


29 


367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table 8 

Correction of a base substitutior} mutation is more efficient tlian correction of a frame stiifl mutation. 



Oligonucleotide Tested (5 pg) 


Plasmid tested (contained in LSY678) 


pAURHYG(ins)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


2248 


Kan70T 


0 


0 



Table 9 

Optimization of oligonucleotide concentration in electroporated yeast cells. 



Amount (pg) 


Colonies on 


Colonies on 


Correction efficiency 




hygromycin 


aureobasidin (/10^) 




0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


10.0 


191 


33 


5.79 



Example 3 
Cultured Ceil Manipulation 

Mononuclear cells are isolated from human umbilical cord blood of normal donors using 
Ficoll Hypaque (Pharmacia Biotech, Uppsala, Sweden) density centrifugation. CD34+ cells are 
immunomagnetically purified from mononuclear cells using either the progenitor or Multisort Kits (Miltenyi 
B\uac, Auburn, CA). Lin'CD38' cells are purified from the mononuclear cells using negative selection 
with StemSep system according to the manufacturer's protocol (Stem Cell Technologies, Vancouver, CA). 
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Cells used for microinjection are either freshly isolated or cryopreserved and cultured in Stem Medium {S 
Medium) for 2 to 5 days prior to microinjection. S Medium contains Iscoves' Modified Dulbecco's Medium 
without phenol red (IMDM) with 100 |jg/ml giutamine/penicillin/streptomycin, 50 mg/ml bovine serum 
albumin, 50 |jg/ml bovine pancreatic insulin, 1 mg/ml human transferrin, and IMDM; Stem Cell 
Technologies), 40 |jg/ml low-density lipoprotein (LDL; Sigma, St Louis, MO), 50 mM HEPEs buffer and 
50 |jM 2-mercaptoethanol, 20 ng/ml each of thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 
(Pepro Tech Inc., Rocky Hill, NJ). After microinjection, cells are detached and transferred in bulk into 
wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4° C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37° C prior to microinjection. After incubation, cloning rings are 
removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 m to 0.3 p outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37° C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact alive and remain attached to the 
plate post injection. Molecules that are fiourescently labeled allow determination of the amount of 
oligonucleotide delivered to the cells. 

For in vitro erythropoiesis from Lin"CD38" cells, the procedure of Malik, 1998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their proliferative 
capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(P*) to sickle T (3^) mutation in the P-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

Alternatively, non-stem cell populations of cultured cells can be manipulated using any 
method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
liposomes, polyethylenimine (PEl), electi-oporation, biolistics, calcium phophate precipitation, or any other 
method known in the art 
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Notes on the tables presented below: 

Each of the following tables presents, for the specified human gene, a plurality of 
mutations that are known to confer a clinically-relevant phenotype and, for each mutation, the 
oligonucleotides that can be used to correct the respective mutation site-specifically in the human 
genome according to the present invention. 

The left-most column identifies each mutation and the clinical phenotype that the 

mutation confers. 

For most entries, the mutation is identified at both the nucleic acid and protein level. At 
the amino acid level, mutations are presented according to the following standard nomenclature. The 
centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the right of the number is the mutant codon. Codon numbering is 
according to the Human Gene Mutation Database, Cardiff, Wales, UK 
(http://archive.uwcm.ac.uk/search/mg/allgenes). Terminator codons are shown as "TERM". At the 
nucleic acid level, the entire triplet of the wild type and mutated codons is shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the human genome or in cloned human DNA including human 
DNA in artificial chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the 
invention, however, may include any of the oligonucleotides sharing portions of the sequence of the 
121 base sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 
19, 20 up to about 121 nucleotides in length. Sequence may be added non-symmet-ically. 

All oligonucleotides are presented, per convention, in the 5' to 3' orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 121 nt oligonucleotide 
centered about the repair nucleotide. The second oligonucleotide, its reverse complement targets the 
opposite sti-and of the DNA duplex for repair. The third oligonucleotide is the minimal 17 nt domain of the 
first oligonucleotide, also centered about the repair nucleotide. The fourth oligonucleotide is the reverse 
complement of the third, and thus represents the minimal 17 nt domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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EXAMPLE 4 

Adenosine Deaminase (ADA) 

Adenosine deaminase (ADA, EC 3.5.4.4) catalyses tlie deamination of adenosine and 
Z-deoxyadenosine to inosine or 2 -deoxyinosine respectively. ADA deficiency has been identified as the 
5 metabolic basis for 20-30% of cases with recessively inherited severe combined immunodeficiency 

(SCID). Affected infants are subject to recurrent chronic viral, fungal, protozoal, and bacterial infections 
and frequently present with persistent diarrhea, failure to thrive and candidiasis. In patients homozygous 
for ADA deficiency, 2'-deoxyadenosine accumulating during the rapid turnover of cells rich in DNA is 
converted back to dATP, either by adenosine kinase or deoxycytidine kinase. Many hypotheses have 
1 0 been advanced to explain the specific toxicity to the immune system in ADA deficiency. The apparently 
TpJ selective accumulation of dATP in thymocytes and peripheral blood B cells, with resultant inhibition of 

ribonucleotide reductase and DNA synthesis is probably the principal mechanism, 
m The structural gene for ADA is encoded as a single 32 kb locus containing 1 2 exons. 

^ J Studies of the molecular defect in ADA-deficient patients have shown that mRNA is usually detectable in 

^1 5 normal or supranormal amounts. Specific base substitution mutations have been detected in the majority 
£~l of cases with the complete deficiency. A C-to-T base substitution mutation in exon 1 1 accounts for a high 

ry proportion of these, whilst a few patients are homozygous for large deletions encompassing exon I. A 

common point mutation resulting in a heat-labile ADA has been characterised in some patients with partial 
ADA deficiency, a disorder with an apparentiy increased prevalence in the Caribbean, 
20 As yet no totally effective therapy for ADA deficiency has been reported, except in those 

few cases where bone marrow from an HLA/MLR compatible sibling donor was available. 

Two therapeutic approaches have provided long-term benefit in specific instances. First, 
reconstitution using T cell depleted mismatched sibling marrow has been encouraging, particulariy in 
eariy presenters completely deficient in ADA. Secondly, therapy with polyethylene glycol-modified 
25 adenosine deaminase (PEG-ADA) for more than 5 years has produced a sustained increase in 

lymphocyte numbers and mitogen responses together with evidence of in vivo B cell function. Success 
has generally been achieved in late presenters with residual ADA activity in mononuclear cells. 

ADA deficiency has been chosen as the candidate disease for gene replacement therapy 
and the first human experiment commenced in 1 990. The clinical consequences of overexpression of 
30 ADA activity - one of the potential hazards of gene implant - are known and take th^ form of an hereditary 
haemolytic anaemia associated with a tissue-specific increase in ADA activity. The genetic basis for the 
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latter autosomal dominant disorder seemingly relates to markedly increased levels of structurally normal 
ADA mRNA. 



Table 10 

ADA Mutations and Genome-Correctina Oiiqos 





Corre(^ritg 


SEQID 
NO: 


Adenosine deaminase 

deficiency 

GLN3TERM 


AGAGACCCACCGAGCGGCGGCGGAGGGAGCAGCGCCGGGG 
CGCACGAGGGCACCATGGCCCAGACGCCCGCCTTCGACAAG 
CCCAAAGTGAGCGCGCGCGGGGGCTCCGGGGACGGGGGTC 


1 


CAGtoTAG 


GACCCCCGTCCCCGGAGCCCCCGCGCGCGCTCACTTTGGG 

CTTGTCGAAGGCGGGCoTL. 1 GbbUoA 1 (jo 1 oL-uo 1 LrU 1 ouo 
CCGCGGCGCTGCTCCCTCCGCCGCCGCTCGGTGGGTCTCT 


2 




CCATGGCCCAGACGCCC 


3 




GGGCGTCTGGGCCATGG 


4 


Adenosine deaminase 

deficiency 

HIS15ASP 


TATTTGTTCTCTCTCTCCCTTTCTCTCTGTCTTCCCCCTGCCC 
CCTTGCAGGTAGAACTGCATGTCCACCTAGACGGATCCATCA 
AGCCTGAAACCATCTTATACTATGGCAGGTAAGTCC 


5 


CAT to GAT 


GGACTTACCTGCCATAGTATAAGATGGTTTCAGGCTTGATGGA 
TCCGTCTAGGTGGACATGOAb 1 1 L. I AOL. I ijtyAA(jV3ijV30oM«j 
GGGGAAGAGAGAGAGAAAGGGAGAGAGAGAACAAATA 


6 




TAGAACTGCATGTCCAC 


7 




GTGGACATGCAGTTCTA 


8 


Adenosine deaminase 

deficiency 

GLY20ARG 


TCCCTTTCTCTCTCTCTTCCCCCTGCCCCCTTGCAGGTAGAA 
CTGCATGTCCACCTAGACGGATCCATCAAGCCTGAAACCATC 
TTATACTATGGCAGGTAAGTCCATACAGAAGAGCCCT 


9 


GGAtoAGA 


AGGGCTCTTCTGTATGGACTTACCTGCCATAGTATAAGATGGT 

TTCAGGCTTGATGGATGCGTCTAGGTGGACATGCAGTTCTAC 

CTGCAAGGGGGCAGGGGGAAGAGAGAGAGAAAGGGA 


10 




ACCTAGACGGATCCATO 


11 




GATGGATCCGTCTAGGT 


12 


Adenosine deaminase 

deficiency 

GLY74CYS 


CCTGGAGCTCCCAAGGGACTTGGGGAAGGTTGTTCCCAACC 

CCTTTCTTCCCnCCCAGGGGCTGCCGGGAGGCTATCAAAAG 

GATCGCCTATGAGTTTGTAGAGATGAAGGCCAAAGAGG 


13 



GGCtoTGC 
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5 



Slittaiiort 


Directing Ol0os 


SEQiD 1 
NO: 




CCTCTTTGGCCTTCATCTCTACAAACTCATAGGCGAICCI 1 1 I 

GATAGCCTCCCGGCAGCCCCTGGGAAGGGAAGAAAGGGGTT 

GGGAACAACCTTCCCCAAGTCCCTTGGGAGCTCCAGG 


14 




CTATCGCGGGCTGCCGG 


15 




CCGGCAGCCCGCGATAG 


16 


Adenosine Deaminase 

Deficiencv 

ARG76TRP 


GCTCCCAAGGGACTTGGGGAAGGTTGTTCCCAACCCCTTTCT 
TCCCTTCCCAGGGGCTGCCGGGAGGCTATCAAAAGGATCGC 
CTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCGTGG 


17 


CGGtoTGG 


CCACGCCCTCTiTGGCCTTCATCTCTACAAACTCATAGGCGAT 

CCTTTTGATAGCCTCCCGGCAGCCCCTGGGAAGGGAAGAAA 

GGGGTTGGGAACAACCTTCCCCAAGTCCCTTGGGAGC 


18 




GGGGCTGCCGGGAGGCT 


19 




AGCCTCCCGGCAGCCCC 


20 


Adenosine Deaminase 

Deficiency 

LYS80ARG 


TTGGGGAAGGTTGTTCCCAACCCCTTTCTTCCCTTCCCAGGG 
GCTGCCGGGAGGCTATCAAAAGGATCGCCTATGAGTTTGTAG 
AGATGAAGGCCAAAGAGGGCGTGGTGTATGTGGAGGT 


21 


AAAtoAGA 


ACCTCCACATACACCACGCCCTCTTTGGCCTTCATCTCTACAA 
ACTCATAGGCGATCC 11 T 1 GATAGCCTCCCGGCAGCCCCTGG 
GAAGGGAAGAAAGGGGTTGGGAACAACCTTCCCCAA 


22 




GGCTATCAAAAGGATCG 


23 




CGATCCTTTTGATAGCC 


24 


Adenosine deaminase 

deficiency 

ALA83ASP 


GTTGTTCCCAACCCCTTTCTTCCCTTCCCAGGGGCTGCCGGG 

AGGCTATCAAAAGGATCGCCTATGAGTTTGTAGAGATGAAGG 

CCAAAGAGGGCGTGGTGTATGTGGAGGTGCGGTACAG 


25 


GCC to GAC 


CTGTACCGCACCTCCACATACACCACGCCCTCTTTGGCCTTC 
ATCTCTACAAACTCATAGGCGATCCI 1 1 1 GATAGCCTCCCGGC 
AGCCCCTGGGAAGGGAAGAAAGGGGTTGGGAACAAC 


26 




AAGGATCGCCTATGAGT 


27 




ACTCATAGGCGATCCTT 


28 


Adenosine deaminase 

deficiency 

TYR97CYS 


AGGCTATCAAAAGGATCbOL. 1 A 1 bAb 1 1 lb 1 AbAbA 1 bAAbb 

CCAAAGAGGGCGTGGTGTATGTGGAGGTGCGGTACAGTCCG 
CACCTGCTGGCCAACTCCAAAGTGGAGCCAATCCCCTG 




T,^i to TGT 


CAGGGGATTGGCTCCACTTTGGAGTTGGCCAGCAGGTGCGG 
ACTGTACCGCACCTCCACATACACCACGCCCTCTTTGGCCTT 
CATCTCTACAAACTCATAGGCGATCCI 1 1 IGATAGCCT 


30 
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liClimcal Ph^c^pe & 




SEQIO 
HO: 




CGTGGTGTATGTGGAGG 


31 




CCTCCACATACACCACG 


32 


Adenosine deaminase 

ripfinipncv 

ARG101GLN 


GGATCGCCTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCG 

TGGTGTATGTGGAGGTGCGGTACAGTCCGCACCTGCTGGCC 

AACTCCAAAGTGGAGCCAATCCCCTGGAACCAGGCTGA 


33 


CGGtoCAG 


TCAGCCTGGTTCCAGGGGATTGGCTCCACTTTGGAGTTGGCC 

AGCAGGTGCGGACTGTACCGCACCTCCACATACACCACGCC 

CTCTTTGGCCTTCATCTCTACAAACTCATAGGCGATCC 


34 




GGAGGTGCGGTACAGTC 


35 




GACTGTACCGCACCTCC 


36 


Adenosine deaminase 

dpficipncv 
ARG101LEU 


GGATCGCCTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCG 

TGGTGTATGTGGAGGTGCGGTACAGTCCGCACCTGCTGGCC 

AACTCCAAAGTGGAGCCAATCCCCTGGAACCAGGCTGA 


37 


CGGtoCTG 


TCAGCCTGGTTCCAGGGGATTGGCTCCACTTTGGAGTTGGCC 

AGCAGGTGCGGACTGTACCGCACCTCCACATACACCACGCC 

CTCTTTGGCCTTCATCTCTACAAACTCATAGGCGATCC 


38 




GGAGGTGCGGTACAGTC 


39 




GACTGTACCGCACCTCC 


40 


Adenosine deaminase 

deficiency 

ARG101TRP 


AGGATCGCCTATGAGTTTGTAGAGATGAAGGCCAAAGAGGGC 
GTGGTGTATGTGGAGGTGCGGTACAGTCCGCACCTGCTGGC 
CAACTCCAAAGTGGAGCCAATCCCCTGGAACCAGGCTG 


41 


CGG to TGG 


CAGCCTGGTTCCAGGGGATTGGCTCCACTTTGGAGTTGGCCA 

GCAGGTGCGGACTGTACCGCACCTCCACATACACCACGCCC 

TCTTTGGCCTTCATCTCTACAAACTCATAGGCGATCCT 


42 




TGGAGGTGCGGTACAGT 


43 




ACTGTACCGCACCTCCA 


44 


Adenosine deaminase 

deficiency 

PRO104LEU 


ATGAGTTTGTAGAGATGAAGGCCAAAGAGGGCGTGGTGTATG 

TGGAGGTGCGGTACAGTCCGCACCTGCTGGCCAACTCCAAA 

GTGGAGCCAATCCCCTGGAACCAGGCTGAGTGAGTGAT 


45 


LOo 10 L. lo 


ATCACTCACTCAGCCTGGTTCCAGGGGATTGGCTCCACTTTG 
GAGTTGGCCAGCAGGTGCGGACTGTACCGCACCTCCACATA 
CACCACGCCCTCTTTGGCCTTCATCTCTACAAACTCAT 


46 




GTACAGTCCGCACCTGC 


47 




GCAGGTGCGGACTGTAC 


48 
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Corrartii^ Ofigos 


SEOID 
HO: 


Adenosine deaminase 

deficiency 

LEU106VAL 

UTb to b i b 


TTTGTAGAGATGAAGGCCAAAGACabbOb 1 bb 1 b 1 Al b I bbAb 

GTGCGGTACAGTCCGCACCTGCTGGCCAACTCCAAAGTGGA 

GCCAATCCCCTGGAACCAGGCTGAGTGAGTGATGGGCC 




GGCCCATCACTCACTCAGCCTGGTTCCAGGGGATTGGCTCCA 

CTTTGGAGTTGGCCAGCAGGTGCGGACTGTACCGCACCTCC 

ACATACACCACGCCCTCTTTGGCCTTCATCTCTACAAA 


50 


GTCCGCACCTGCTGGCC 


51 


GGCCAGCAGGTGCGGAC 


52 


Adenosine deaminase 
deficiency 
LEU107PRO 
CTG to CCG 


TAGAGATGAAGGCCAAAGAGGGCGTGGTGTATbTbbAbb 1 b 
CGGTACAGTCCGCACCTGCTGGCCAACTCCAAAGTGGAGCC 
AATCCCCTGGAACCAGGCTGAGTGAGTGATGGGCCTGGA 




TCCAGGCCCATCACTCACTCAGCCTGGTTCCAGGGGATTGGC 

TCCACTTTGGAGTTGGCCAGCAGGTGCGGACTGTACCGCAC 

CTCCACATACACCACGCCCTCTTTGGCCTTCATCTCTA 


54 


GCACCTGCIGGCCAACT 


55 


AGTTGGCCAGCAGGTGC 


56 


Adenosine deaminase 
deficiency 
PR0126GLN 
OLA to LrAA 


GCCTTCC 1 1 1 1 GCCTCAGGCCCATGGC 1 AU 1 LO 1 L 1 LL 1 LAO 

ACAGAGGGGACCTCACCCCAGACGAGGTGGTGGCCCTAGTG 

GGCCAGGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGT 


0/ 


ACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCTGGCCCAC 
TAGGGCCACCACCTCGTCTGGGGTGAGGTCCCCTCTGTGTG 
AGGAGAGGAGTAGGGATGGGCCTGAGGCAAAAGGAAGGC 


58 


CCTCACCCCAGACGAGG 


59 


CCTCGTCTGGGGTGAGG 


60 


Adenosine deaminase 
deficiency 
VAL129MET 
GTG to ATG 


TTTGCCTCAGGCCCATCCCTALTOO 1 0 1 00 1 OAOAOAbAbbb 

GACCTCACCCCAGACGAGGTGGTGGCCCTAGTGGGCCAGGG 

CCTGGAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCC 


0 1 


GGGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCC 
TGGCCCACTAGGGCCACCACCTCGTCTGGGGTGAGGTCCCC 
TCTGTGTGAGGAGAGGAGTAGGGATGGGCCTGAGGCAAA 


62 


CAGACGAGGTGGTGGCC 


63 


GGCCACCACCTGGTCTG 


64 
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IjCtmlcat Piieri<%pe & 


Correciirtg OBgas 


SEQID 
NO: 


Adenosine deaminase 

deficiency 

GLY140GLU 


AOAvjAoooUAL/L/ 1 UAouUuAUAuvjAoo i oo i uouuu i mo i o 

GGCCAGGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCA 
AGGCCCGGTCCATCCTGTGCTGCATGCGCCACCAGCCCAG 


65 




CTGGGCTGGTGGCGCATGGAGCACAGGATGGACCGGGCCTT 
GACCCCGAAGTGTCGCTCCCCCTCCTGCAGGCCCTGGCCCA 
CTAGGGCCACCACCTCGTCTGGGGTGAGGTCCCCTCTGT 


66 




GCAGGAGGGGGAGCGAG 


67 




CTCGCTCCCCCTCCTGC 


68 


Adenosine deanninase 

deficiency 

ARG142GLN 


oooALrU I LAUuUUAoAUoAvjo 1 ov3 1 ooUoLr i Mo i ooouv^rvo 

GGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCCC 
GGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTA 


6Q 


LrbA to LrAA 


TACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACCG 
GGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCT 
GGCCCACTAGGGCCACCACCTCGTCTGGGGTGAGGTCCC 


70 




GGGGGAGCGAGACTTCG 


71 




CGAAGTCTCGCTCCCCC 


72 


Adenosine deaminase 

deficiency 

ARG142TERM 


ooooAuO 1 UAuuLrOAoAUoAoo 1 oo 1 oouou i Ao I ooouVo'M 

GGGCCTGCAGGAGGGGGAGCGAGACTTCGGGGTCAAGGCC 
CGGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGT 


73 


UoA 10 1 oM 


ACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACCGG 
GCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCCCTG 
GCCCACTAGGGCCACCACCTCGTCTGGGGTGAGGTCCCC 


74 




AGGGGGAGCGAGACTTC 


75 




GAAGTCTCGCTCCCCCT 


76 


Adenosine deanninase 

deficiency 

ARG149GLN 


1 oo 1 oouULr 1 Ao i ov3oUOAooUL/U 1 ouAooMooooOMOwo 

AGACTTCGGGGTCAAGGCCCGGTCCATCCTGTGCTGCATGC 
GCCACCAGCCCAGTGAGTAGGATCACCGCCCTGCCCAGGG 


77 


CGG to CAG 


CCCTGGGCAGGGCGGTGATCCTACTCACTGGGCTGGTGGCG 

CATGCAGCACAGGATGGACCGGGCCTTGACCCCGAAGTCTC 

GCTCCCCCTCCTGCAGGCCGTGGCCCACTAGGGCCACCA 


78 




CAAGGCCCGGTCCATCC 


79 




GGATGGACCGGGCCTTG 


80 
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Correctirtg Oi^s 


SEQIO 
NO: 


Adenosine deaminase 

deficiency 

ARG149TRP 


GAGACTTCGGGGTCAAGGCCCGGTCCATCCTGTGCTGCATG 
CGCCACCAGCCCAGTGAGTAGGATCACCGCCCTGCCCAGG 


81 




CCTGGGCAGGGCGGTGATCCTACTCACTGGGCTGGTGGCGC 
ATGCAGCACAGGATGGACCGGGCCTTGACCCCGAAGTCTCG 
CTCCCCCTCCTGCAGGCCCTGGCCCACTAGGGCCACCAC 


82 




TCAAGGCCCGGTCCATC 


83 




GATGGACCGGGCCTTGA 


84 


Adenosine deanninase 

deficiency 

LEU152MET 


GGGTCAAGGCCCGGTCCATCCTGTGCTGCATGCGCCACCAG 
CCCAGTGAGTAGGATCACCGCCCTGCCCAGGGCCGCCCGT 


85 


U 1 b to A 1 


ACGGGCGGCCCTGGGCAGGGCGGTGATCCTACTCACTGGG 

CTGGTGGCGCATGCAGCACAGGATGGACCGGGCCTTGACCC 

CGAAGTCTCGCTCCCCCTCCTGCAGGCCCTGGCCCACTAG 


86 




GGTCCATCCTGTGCTGC 


87 




GCAGCACAGGATGGACC 


88 


Adenosine deanainase 

deficiency 

ARG156CYS 


GGTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTAG 
GATCACCGCCCTGCCCAGGGCCGCCCGTCTCACCCTGGCC 


89 




GGCCAGGGTGAGACGGGCGGCCCTGGGCAGGGCGGTGATC 
CTACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGACC 
GGGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGCC 


90 




GCTGCATGCGCCACCAG 


91 




CTGGTGGCGCATGCAGC 


92 


Adenosine deanninase 

deficiency 

ARG156HIS 


oOL 1 oUAooAoooooAoL/VjjAoAU I I UooOvj i ommoov^v^v^v:? 

GTCCATCCTGTGCTGCATGCGCCACCAGCCCAGTGAGTAGG 
ATCACCGCCCTGCCCAGGGCCGCCCGTCTCACCCTGGCCC 


93 


CGCtoCAC 


GGGCCAGGGTGAGACGGGCGGCCCTGGGCAGGbOGb 1 bA 1 
CCTACTCACTGGGCTGGTGGCGCATGCAGCACAGGATGGAC 
CGGGCCTTGACCCCGAAGTCTCGCTCCCCCTCCTGCAGGC 






CTGCATGCGCCACCAGC 


95 




GCTGGTGGCGCATGCAG 


96 
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Correcting Oi^s 


SEQIO 
NO: 


Adenosine deaminase 

deficiency 

VAL177MET 


rrrrrr ArAnArTf^f^TrrrrrAARGTGGTGGAGCTGTGTAA 
GAAGTACCAGCAGCAGACCGTGGTAGCCATTGACCTGGCTG 
GAGATGAGACCATCCCAGGAAGCAGCCTCTTGCCTGGAC 


97 


O 1 O lU A 1 O 


GTCCAGGCAAGAGGCTGCTTCCTGGGATGGTCTCATCTCCAG 

CCAGGTCAATGGCTACCACGGTCTGCTGCTGGTACTTCTTAC 

ACAGCTCCACCACCTTGGGGGACCAGTCTGTGGGCAG 


98 




AGCAGACCGTGGTAGCC 


99 




GGCTACCACGGTCTGCT 


100 


Adenosine deaminase 

deficiency 

ALA179ASP 


CAGCAGCAGACCGTGGTAGCCATTGACCTGGCTGGAGATGA 
GACGATCCCAGGAAGCAGCCTCTTGCCTGGACATGTCCA 


101 




TGGACATGTCCAGGCAAGAGGCTGCTTCCTGGGATGGTCTCA 
TCTCCAGCCAGGTGAATGGCTACCACGGTCTGCTGCTGGTAC 
TTCTTACACAGCTCCACCACCTTGGGGGACCAGTCTG 


102 




CGTGGTAGCCATTGACC 


103 




GGTCAATGGCTACCACG 


104 


Adenosine deaminase 

deficiency 

GLN199PRO 


ATTr^ArrTr:r:rTf5r5Af5ATr5Ar;ArrATrrnAGRAAGCAGC 
GTCTTGCCTGGACATGTCCAGGCCTACCAGGTGGGTCCTGT 
GAGAAGGAATGGAGAGGCTGGCCCTGGGTGAGCTTGTCT 


105 




AGACAAGCTCACCCAGGGCCAGCCTCTCCATTCCTTCTCACA 
GGACCCACCTGGTAGGCCTGGACATGTCCAGGCAAGAGGCT 
GCTTCCTGGGATGGTCTCATCTCCAGCCAGGTCAATGG 


106 




ACATGTCGAGGCCTACC 


107 




GGTAGGCCTGGACATGT 


108 


Adenosine deaminase 

deficiency 

ARG211CYS 


ppTAPrsrirArrrATriArrTGGrTrTrrnncTTCCAGGAGGC 
TGTGAAGAGGGGCATTCACCGTACTGTCCACGCCGGGGAGG 
TGGGCTCGGCCGAAGTAGTAAAAGAGGTGAGGGCCTGGG 


109 


CGTtoTGT 


CCCAGGCCCTCACGTC 1 1 1 1 ACTACTTobbuUbAbUL/UAUO l 
CCCCGGCGTGGACAGTACGGTGAATGCCGCTCTTCAGAGCC 
TCCTGGAAGGGGGAGAGCCAGGTCATGGGTGCCCTAGC 


1 in 

1 lU 




GCATTCACCGTACTGTC 


111 




GACAGTACGGTGAATGC 


112 
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Correcting 


SEQID 
NO: 


Adenosine deaminase 

deficiency 

ARG211HIS 


Lr 1 AoooL/AUULrA 1 oAULr i ooo 1 o 1 uuuuu i ! o^moomoo^^ i 

GTGAAGAGCGGCATTCACCGTACTGTCCACGCCGGGGAGGT 
GGGCTCGGCCGAAGTAGTAAAAGAGGTGAGGGCCTGGGC 


113 


r^r^T ir\ PAT 


GCCCAGGCCCTCACCTCTTTTACTACTTCGGCCGAGCCCACC 

TCCCCGGCGTGGACAGTACGGTGAATGCCGCTCTTCACAGC 

CTCCTGGAAGGGGGAGAGCCAGGTCATGGGTGCCCTAG 


114 




CATTCACCGTACTGTCC 


115 




GGACAGTACGGTGAATG 


116 


Adenosine deaminase 

deficiency 

ALA215THR 


CATTCACCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCG 
AAGTAGTAAAAGAGGTGAGGGCCTGGGCTGGCCATGGGG 


117 

1 1 / 




CCCCAIGGCCAGCCCAGGCCCTCACCTCTTTTACTACTTCGG 
CCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGAATGCCG 
CTCTTCACAGCCTCCTGGAAGGGGGAGAGCCAGGTCAT 


118 




CTGTCCACGCCGGGGAG 


119 




CTCCCCGGCGTGGACAG 


120 


Adenosine deaminase 

deficiency 

GLY216ARG 


TCACCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCGAAG 
TAGTAAAAGAGGTGAGGGCCTGGGCTGGCCATGGGGTCC 


121 

1 tL 1 




GGACCCCATGGCCAGCCCAGGCCCTCACCTCTTTTACTACTT 
CGGCCGAGCCCACCTCCCCGGCGTGGACAGTACGGTGAATG 
CCGCTCTTCACAGCCTCCTGGAAGGGGGAGAGCCAGGT 


122 




TCCACGCCGGGGAGGTG 


123 




CACCTCCCCGGCGTGGA 


124 


Adenosine deaminase 

deficiency 

GLU217LYS 


TPP PTPTPP P P PTTP P A ri^i A r^fiPTr^ T^ A A Ar^P (^riP ATTfl A 

CCGTACTGTCCACGCCGGGGAGGTGGGCTCGGCCGAAGTAG 
TAAAAGAGGTGAGGGCCTGGGCTGGCCATGGGGTCCCTC 


125 


GAGtoAAG 


GAGGGACCCCATGGCCAGCCCAGGCCCTCACCTCI 1 1 lACTA 
CTTCGGCCGAGCCGAGCTCCCCGGCGTGGACAGTACGGTGA 
ATGCCGCTCTTCACAGCCTCCTGGAAGGGGGAGAGCCA 


12d 




ACGCCGGGGAGGTGGGC 


127 




GCCCACCTCCCCGGGGT 


128 
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Gorrectmg OBgos 


SEQIO 
HO: 


Adenosine deaminase 

deficiency 

THR2331LE 


CTGC/0 roc 1 OLrUA 1 AU i 1 ooU 1 U 1 A i 1 u 1 1 1 0 1 o i MuMoou 

TGTGGACATACTCAAGACAGAGCGGCTGGGACACGGCTACC 

ACACCCTGGAAGACCAGGCCCTTTATAACAGGCTGCG 




&PA ATA 
MUM 10 M 1 M 


CGCAGCCTGTTATAAAGGGCCTGGTCTTCCAGGGTGTGGTAG 
CCGTGTCCCAGCCGCTCTGTC7TGAGTATGTCCACAGCCTGT 
AGAGAAGCAGAATAGAGCCAAGTATGGGAGGAGGCAG 


130 




AGTCAAGACAGAGCGGC 


131 




GCCGCTGTGTCTTGAGT 


132 


Adenosine deaminase 

deficiency 

ARG253PRO 


CAGAGLGGO 1 bobALAL/ooU 1 1 ooAAoAL/UMo 

GCCCTrTATAACAGGCTGCGGCAGGAAAACATGCACTTCGAG 
GTAAGCGGGCCAGGGAGTGGGGAGGAACCATCCCCGGC 


1 oo 


Uoo 10 UUvj 


GCCGGGGATGGTTCCTCCCCACTCCCTGGCCCGCTTACCTC 
GAAGTGCATGl 1 1 1 CCTGCCGCAGCCTGTTATAAAGGGGCTG 
GTCTTCCAGGGTGTGGTAGCCGTGTCCCAGCCGCTCTG 


134 




CAGGCTGGGGCAGGAAA 


135 




TTTCCTGCCGCAGCCTG 


136 


Adenosine deaminase 

deficiency 

GLN254TERM 


oAGL-oGO I oboAUAUouO 1 ALrUAL-AULrU 1 VjoAAoAOL/Movjo 
CCTTTATAAGAGGCTGCGGCAGGAAAAGATGGACTTCGAGGT 
AAGCGGGCCAGGGAGTGGGGAGGAACCATCCCCGGCTG 


1 Ol 


OMo 10 1 Mo 


CAGCCGGGGATGGTTCCTCCCCACTCCCTGGCCCGCTTACC 
TCGAAGTGCATGI 1 1 1 CCTGCCGCAGCCTGTTATAAAGGGCC 
TGGTCTTCCAGGGTGTGGTAGCCGTGTCCCAGCCGCTC 


138 




GGCTGCGGCAGGAAAAC 


139 




Gl 1 1 ICCIGCCGCAGCC 


140 


Adenosine deaminase 

deficiency 

PR0274LEU 


PP A P A P A PPTPPTPTTPP A ATPT<^PPPPTr5r5TPP AfiPT APP 
LrL'AUAUAL/L' 1 oL» 1 U 1 1 oUAoA 1 u 1 uOUou i oo l V^OnUU i noo 

TCACTGGTGCCTGGAAGCCGGACACGGAGCATGCAGTCATT 
CGGTGAGCTCTGTTCCCCTGGGCCTGTTCAAI 1 1 IGTT 


141 


CCGtoCTG 


AACAAAATTGAACAGGCCGAGGGGAACAGAGCTCACCGAATG 

ACTGCATGCTCCGTGTCCGGCTTCCAGGCACCAGTGAGGTA 

GCTGGACCAGGGGCAGATCTGGAAGAGCAGGTGTGTGG 


142 




CTGGAAGCCGGACACGG 


143 




CCGTGTCCGGCTTCCAG 


144 
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Cliracal PtiCTofe?pe St 
lilfiitagon 


Corrsd'mg OBgos 


SEQiD 
MO: 




Adenosine deaminase 

deficiency 

SER291LEU 


GGAGGCTGATTCTCTCCTCCTCOOTOT 1 C 1 bUAUbU 1 uAAAA 
ATGACCAGGCTAACTACTCGCTCAACACAGATGACCCGCTCA 
TCTTCAAGTCCACCCTGGACACTGATTACCAGATGAC 






1 Uo 10 1 I o 


GTCATCTGGTAATCAGTGTCCAGGGTGGACTTGAAGATGAGC 
GGGTCATCTGTGTTGAGCGAGTAGTTAGCCTGGTCAl 1 1 1 IGA 
GCCTGCAGAAGAGGGAGGAGGAGAGAATCAGCCTCC 


146 






TAACTACTCGCTCAACA 


147 






TGTTGAGCGAGTAGTTA 


148 


5 

ij 


Adenosine deaminase 

deficiency 

PR0297GLN 


CCTCCCTCTTCTGC/AGbL. 1 uAAAAA 1 vjALoAboU 1 AAL. 1 AL- 1 

CGCTCAACACAGATGACCCGCTCATCTTCAAGTCCACCCTGG 

ACACTGATTACCAGATGACCAAACGGGACATGGGCTT 






OLrb to UAb 


AAGCCCATGTCCCGTTTGGTCATCTGGTAATCAGTGTCCAGG 
GTGGACTTGAAGATGAGCGGGTCATCTGTGTTGAGCGAGTAG 
TTAGCCTGGTCAI 1 1 1 1 GAGCCTGCAGAAGAGGGAGG 


150 






AGATGACCCGCTCATCT 


151 


yi 




AGATGAGCGGGTCATCT 


152 


fiio 


Adenosine deaminase 

deficiency 

LEU304ARG 


AAA A x^ A /^y^ A /^/^/^x A A/^xA/^x^o/^xr* A Ar^ Ar*^ hr^ dTr^ ^r^r^r^nf^ 
AAAATGAOGAbbO 1 AAL- 1 AC 1 LrbU 1 UAAUAL.AbA 1 bAuLrCbU 

TCATCTTCAAGTCCACCCTGGACACTGATTACCAGATGACCAA 
ACGGGACATGGGCTTTACTGAAGAGGAGTTTAAAAG 


1 00 




U 1 o 10 l^oo 


CTTTTAAACTCCTCTTCAGTAAAGCCCATGTCCCGTTTGGTCA 
TCTGGTAATCAGTGTGCAGGGTGGACTTGAAGATGAGCGGGT 
CATCTGTGTTGAGCGAGTAGTTAGCCTGGTCAI 1 1 1 


154 






GTCCACCCIGGACACTG 


155 






CAGTGTCCAGGGTGGAC 


156 


15 


Adenosine deaminase 

deficiency 

ALA329VAL 


r^/^r^-r~rr^ 1 l I r^XX^xr^X/^/^XXOf^AX^TT/^Tf^T^O^ATTr^T^f^Pr* 

bLrU 1 ILI 1 Ibl lOICI bb 1 1 CoA 1 b 1 1 b 1 u 1 bUuA 1 1 0 1 buOU 
TTTCCAGAAGATCAATGCGGGCAAATCTAGTTTCGTCCCAGAA 
GATGAAAAGAGGGAGCTTCTCGACCTGCTCTATAA 


13/ 




C-to-Tatbase 1081 


TTATAGAGCAGGTCGAGAAGCTCCCTCTTTTCATCTTCTGGGA 
GGAAACTAGATTTGGCCGCATTGATGTTCTGGAAAGGCCAGA 
ATGGCAGACAACATGGAACCAGAGAACAAAGAAGGC 


158 






CATCAATGCGGCCAAAT 


159 






ATTTGGCCGCATTGATG 


160 
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EXAMPLE 5 

P53 Mutations 

The p53 gene codes for a protein that acts as a transcription factor and serves as a l<ey 
regulator of the cell cycle. Mutation in this gene is probably the most significant genetic change 
5 characterizing the transformation of cells from normalcy to malignancy. 

Inactivation of p53 by mutation disrupts the cell cycle which, in turn, sets the stage for 
tumor formation. Mutations in the p53 gene are among the most commonly diagnosed genetic disorders, 
occuring in as many as 50% of cancer patients. For some types of cancer, most notably of the breast 
lung and colon, p53 mutations are the predominant genetic alternations found thus far. These mutations 
1 0 are associated with genomic instability and thus an increased susceptibility to cancer. Some p53 lesions 

result in malignancies that are resistant to the most widely used therapeutic regimens and therefore 
w demand more aggressive treatment 

J:: That p53 is associated with different malignant tumors is illustrated in the Li-Fraumeni 

S autosomal dominant hereditary disorder characterized by familial multiple tumors due to mutation in the 

y 5 p53 gene. Affected individuals can develop one or more tumors, including: brain (1 2%); soft-tissue 

r ' sarcoma (1 2%); breast cancer (25%); adrenal tumors (1 %); bone cancer (osteosarcoma) (6%); cancer of 

hi the lung, prostate, pancreas, and colon as well as lymphoma and melanoma can also occur. 

Rl Certain of the most frequently mutated codons are codons 1 75, 248 and 273, however a 

O variety of oligonucleotides are described below in the atttached table. 

20 Table 11 

p53 Mutations and Genome-Coirectinq Oligos 



30 



1 Clinicai Ptieiiofsfpe & 


[ SEOiD 

Con-ecfingOBgos | 


In 2 families with 
Li-Fraumeni 
syndrome, there was a 
C-to-T mutation at the 
first nucleotide of 
codon 248 which 
changed arginine to 
tryptophan. 


GACTGTACCACCATCCACTACAACTACATGTGTAACAGTTCCT 
GCATGGGCGGCATGAACCGGAGGCCCATCCTCACCATCATC 
ACACTGGAAGACTCCAGGTCAGGAGCCACTTGCCACC 


161 


GGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTGTGATGA 

TGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGGAA 

CTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGTC 


162 


GCATGAACCGGAGGCCC 


163 
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5 



30 





C<»TecfingOBgos 


SEQID 
NO: 




GGGCCTCCGGTTCATGC 


164 


In a family with the 
Li-Fraumeni 
syndrome, a G-to-A 
mutation at the first 

[lUulcUUvJC Ul uUUUIl 

258 resulting in the 
substitution of lysine 
for glutamic acid. 


CCTCACCATCATCACACTGGAAGACTCCAGGTCAGGAGCCAC 
TTRrrArrPTrirArArTRGnCTGCTGTGCCCCAGCCTC 




GAGGCTGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGT 

GGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGAT 

GGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACA 


166 


TCACACTGGAAGACTCC 


167 


GGAGTCTTCCAGTGTGA 


168 


In a family with the 
Li-Fraumeni 
syndrome, a G-to-T 
mutation at 
the first nucleotide of 
codon 245 resulting in 
the substitution of 
cysteine for glycine. 


GTTGGCTCTGAGTGTACCACCATCCACTACAACTACATGTGTA 

ACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCATCCTC 

ACCATCATCACACTGGAAGACTCCAGGTCAGGAGCCA 


169 


A gly245-to-ser, 
GGC-to-AGC, 
mutation was found in 
a patient in whom 
osteosarcoma was 
diagnosed at the age 
of 18 years. 


TGGCTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGA 
TGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACACA 
TGTAGTTGTAGTGGATGGTGGTACAGTCAGAGCCAAC 


170 


GCATGGGCGGCATGAAC 


171 


GTTCATGCCGCCCATGC 


172 


In a family with the 
Li-Fraumeni 
syndrome, a germline 
mutation at codon 252: 
a T-to-C change at the 
second position 
resulted in substitution 
of proline for leucine. 


i L/UAL/ 1 AL/AAU 1 AUA 1 o 1 o 1 AAUAo 1 1 ULr 1 oLrM 1 oUuLrOoUA 

TGAACCGGAGGCCCATCCICACCATCATCACACTGGAAGACT 
rr ARRTnAGGAGCCACTTGCCACCCTGCACACTGGCC 


1 / o 


GGCCAGTGTGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTC 
TTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTTCATGCC 
GCCCATGCAGGAACTGTTACACATGTAGTTGTAGTGGA 


174 


GCCCATCCICACCATCA 


175 


TGATGGTGAGGATGGGC 


176 
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Mutation 


CoiTOcfingOligos 


HO: 




Researchers analyzed 
for mutations in p53 
nepstoceiiuiar 
carcinomas from 


TACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCATG 
GGCGGCATGAACCGGAGGCCCATCCTCACCATCATCACACT 


177 


5 


patients in Qidong, an 
area of high incidence 
in China, in which both 
hepatitis B virus and 
aflatoxin B1 are risk 


TGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTG 
TGATGATGGTGAGGATGG6CCTCCGGTTCATGCCGCCCATG 

UAooAAu loll AUALrA 1 o 1 Ao 1 1 o 1 Ao 1 ooA 1 oo 1 I M 


178 


10 


factors. Eight of 16 
tumors had a point 

miitatinn pf thp thirrl 

1 1 ItlLClUV^I 1 CIL Li 1^ L( ill U 

base position ofcodon 
249. The G-to-T 
mutation atcodon 249 
led to a change from 
arginine to serine 
(AGGtoAGT). 


AACCGGAGGCCCATCCT 


179 




AGGATGGGCCTCCGGTT 


180 




In cases of 
hepatocellular 
carcinoma in souinern 


CTGGOUAAbAOO 1 bLrOU i b 1 bUAbU 1 b l bbb 1 1 bA 1 1 UUAoA 

CCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCTACAA 


1 0 1 




Africa, a G-to-T 

oUl/oulLiUUil III oUUUlI 

157 resulting in a 
change from valine to 
phenylalanine. 


GGCAGCGCCTCACAACCTCCGTCATGTGCTGTGACTGCTTGT 
AGATGGCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGT 
GGAATCAACCCACAGCTGCACAGGGCAGGTCTTGGCCAG 


182 




GCACCCGCGTCCGCGCC 


183 






GGCGCGGACGCGGGTGC 


184 


30 


in a lamiiy wiin 
Li-Fraumeni in which 
noncancerous skin 


CAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCATCCTCA 
CCATCATCACACTGGAAGACTCCAGGTCAGGAGCCAC 


185 


fibroblasts from 
affected individuals 
showed an unusual 
radiation-resistant 


b 1 bbb 1 bb 1 bAbb 1 bbAb 1 o M UOAU i o 1 oA 1 oA 1 1 oAVjo 

ATGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTGTTACAC 
ATGTAGTTGTAGTGGATGGTGGTACAGTCAGAGCCAA 


1 00 


35 


phenotype, a point 
mutation in codon 245 
of the P53 gene. A 
change from GGC to 
GAC predicted 
substitution of aspartic 
acid for glycine. 


p ATr^r^npr^fs p ATn A App 

oA 1 ooououUA 1 UAAUU 


187 


40 


GGTT^ATGCCGCCCATG 


188 
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SEOiD 
NO: 


In 2 of 8 families with 
Li-Fraumeni 
syndrome, a mutation 
in codon 248: a 

resulting in substitution 
of glutaminefor 
arginine. 


ACTGTACOAOUA 1 LrUALr 1 AOAAU 1 AuA 1 b 1 b l AAUAb 1 1 I b 

CATGGGCGGCATGAACCGGAGGCCCATCCTCACCATCATCA 


1 oy 


GGGTGGCAAGTGGCTCCTGACCTGGAGTCTTCCAGTGTGAT 

GATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGG 

AACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGT 


190 


CATGAACCGGAGGCCCA 


191 


TGGGCCTCCGGTTCATG 


192 


In 9 members of an 
extended family with 
Li-Fraumeni 
syndrome, a germline 
mutation at codon 133 
(ATG-to-ACG), 
resulted in the 
substitution of 
threonine for 
methionine {M133T), 
and completely 
cosegregated with the 
cancer syndrome. 


CCCTGAC 1 1 1 CAAt/TCTvjTt/TOOTTC/U 1 U 1 1 00 1 AUAb 1 AO 1 u 
CCCTGCCCTCAACAAGATGI 1 1 1 GCCAACTGGCCAAGACCTG 
CCCTGTGCAGCTGTGGGTTGATTCCACACCCCCGCC 




GGCGGGGGTGTGGAATCAACCCACAGCTGCACAGGGCAGGT 
CTTGGCCAGTTGGCAAAACATCTTGTTGAGGGCAGGGGAGTA 
CTGTAGGAAGAGGAAGGAGACAGAGTTGAAAGTCAGGG 


194 


CAACAAGAIGTTTTGCC 


195 


GGCAAAACATCTTGTTG 


196 


In 1 pedigree 
consistent with the 
Li-Fraumeni 
syndrome, a germline 
G-to-T transversion at 
codon 272 (valine to 
leucine) was found. 


TCTTGOTTC/TO 1 1 II 1 A 1 1 bAb 1 Ab 1 bb 1 AA 1 b 1 Au 1 bb 

GACGGAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGA 

GAGACCGGCGCACAGAGGAAGAGAATCTCCGCAAGA 


ly / 


1 b 1 1 bbbbAbA 1 1 b 1 U 1 1 bb 1 b 1 b i bbbbOVDO 1 1 1 UoUAvj 

GACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCCAGTA 
GATTACCACTACTCAGGATAGGAAAAGAGAAGCAAGA 


1 yo 




199 


AACACGCACCTCAAAGC 


200 


A ser241-to-phe 
mutation due to a 
TCC-to-TTC change 
was found in a patient 
with hepatoblastoma 
and multiple foci of 
opttfiosamnma, 


1 1 A 1 o 1 1 Abb 1 1 bbU 1 0 1 bAL 1 b 1 AOOAUUA 1 UOAb 1 AuAA 
CTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAG 
GCCCATCCTCACCATCATCACACTGGAAGACTCCAG 


ZD 1 


CTGGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCG 
GTTCATGCCGCCCATGCAGrAACTGTTACACATGTAGTTGTA 
GTGGATGGTGGTACAGTCAGAGCCAACCTAGGAGATAA 


202 
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SEOiD 
NO: 




TAACAGTTCCTGCATGG 


203 




CCATGCAGGAACTGTTA 


204 


An AAG-to-TAG 
change ofcodon 120, 
resulting in conversion 
from lysine to a stop 
codon, was found in a 
patient with 
osteosarcoma and 
adenocarcinoma of 
the lung at age 18 and 
brain tumor (glioma) at 
the age of 27. 


TTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGGTCAGT 
TGCCCTGAGGGGCTGGCTTCCATGAGACTTCAATGCC 


205 


GGCATTGAAGTCTCATGGAAGCCAGCCCCTCAGGGCAACTG 
ACCGTGCAAGTCACAGACTTGGCTGTCCCAGAATGCAAGAAG 
rrr AfiArRfiAAAnnRTAGCTGCCCTGGTAGGTTTTCTG 


206 


GGACAGCCAAGTCTGTG 


207 


CACAGACTTGGCTGTCC 


208 


ACGG-to-TGG 
change at codon 282, 
resulting in the 
substitution of 
tryptophan for argi- 
nine, was found in a 
patient who developed 
osteosarcoma at the 
age of 10 years. 


r^PTAATPTArT(^f2<^APf5nAAr'Af?rTTTr5Af^RTnnfiTGTTTRT 
GCCTGTCCTGGGAGAGACCGGCGCACAGAGGAAGAGAATCT 
CCGCAAGAAAGGGGAGCCTCACCACGAGCTGCCCCCAG 


209 


CTGGGGGCAGCTCGTGGTGAGGCTCCCCTTTCTTGCGGAGA 
TTrTnrrrTrTGTGrGrCGGTCTCTCCCAGGACAGGCACAA 

1 1 O 1 O 1 1 WW 1 \j 1 w 1 WW wwwwViJ i w 1 w 1 w w w/iwwnwnw w wnw/^n 

ACACGCACCTCAAAGCTGTTCCGTCCCAGTAGATTACC 


210 


GGAGAGACCGGCGCAGA 


211 


TGTGCGCCGGTCTCTCC 


212 


In 5 of 6 anaplastic 
carcinomas of the 
thyroid and in an 
anaplastic carcinoma 
thyroid cell line ARO, a 
CGT-to-CAT mutation 
converted 
arginine-273 to 
histidine. 


nPTTPTPI 1 1 1 PPTATrrTf^Af^TAf^Tf^dTAATrTArTfifiGACG 

GAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGA 
CCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAGG 


213 


CCTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTC 

CCAGGACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCC 

AGTAGATTACCACTACTCAGGATAGGAAAAGAGAAGC 


214 


TGAGGTGCGTGTTTGTG 


215 


CACAAACACGCACCTCA 


216 
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SEQtD 
NO: 


A germline 

GGA-to-GTA mutation 
resulting in a change 
of 

glycine-325 to valine 

Wdo TOUnu III d pdlicilL 

who had non-Hodgkin 
lymphoma diagnosed 
at age 17 and colon 
carcinoma at age 26. 


TCCTAGCAO 1 bL'LOAAOAAUAL.LAou 1 1 1 LrULrUMooUrtA 
AGAAGAAACCACTGGATGGAGAATATTTCACCCTTCAGGTACT 
AAGTCTTGGGACCTCTTATCAAGTGGAAAGTTTCCA 


917 


TGGAAACTTTCCACTTGATAAGAGGTCCCAAGACTTAGTACCT 
GAAGGGTGAAATATTCTCCATCCAGTGGTTTCnCTTTGGCTG 
GGGAGAGGAGCTGGTGTTGTTGGGCAGTGCTAGGA 


218 


ACTGGATGGAGAATATT 


219 


AATATTCTCCATCCAGT 


220 


CGC-CCC 
Arg-72toPro 
association with Lung 
cancer 


AAlGGTrCACTGAAGACCGAGGTLLAtjA 1 bAAbo 1 L/OoAbAA 
TGCCAGAGGCTGCTCCCCGCGTGGCCCCTGCACCAGCAGCT 
CCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCC 


991 


GGCCAGGAGGGGGCTGGTGCAGGGGCCGCCGGTGTAGGAG 
CTGCTGGTGCAGGGGCCACGCGGGGAGCAGCCTCTGGCATT 
CTGGGAGCTTCATCTGGACCTGGGTCTTCAGTGAAGCATT 


222 


TGCTCCCCGCGTGGCCC 


223 


GGGCCACGCGGGGAGCA 


224 


CCG-CTG 
Pro-82 to Leu 
Breast cancer 


A A/^r^T/^rT^hr^A Ax^^rT'Ar^A/^o/^T/^r'Tor'r'pr^p^tsTrifir'PPPT 
AAbuTOOCAbAA 1 bL.UAbAboL' 1 bL. 1 bUL/ObOb i (joLrUUL. I 

GCACCAGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCC 

CTCCTGGCCCCTGTCATCTTCTGTCCCTTCCCAGAAAAC 




GTTTTCTGGGAAGGGACAGAAGATGACAGGGGCCAGGAGGG 
GGCTGGTGCAGGGGCCGCC6GTGTAGGAGCTGCTGGTGCA 
GGGGCCACGCGGGGAGCAGCCTCTGGCATTCTGGGAGCTT 


226 


TCCTACACCGGCGGCCC 


227 


GGGCCGCCGGTGTAGGA 


228 


cCAA-TAA 
Gln-136toTerm 
Li-Fraumeni syndrome 


1 1 UAAU 1 U 1 U I O 1 UU 1 1 lull 1 MLrMo 1 MO 1 LfLrUU \ 

TCAACAAGATGI 1 1 1 GCCAACTGGCCAAGACCTGCCCTGTGC 
AGCTGTGGGTTGATTCCACACCCCCGCCCGGCACCC 




GGGTGCCGGGCGGGGGTGTGGAATCAACCCACAGCTGCACA 
GGGCAGGTCTTGGGCAGnGGCAAAACATCTTGTTGAGGGCA 
GGGGAGTACTGTAGGAAGAGGAAGGAGACAGAGTTGAA 


230 


IGII llbCCAACIGGCC 


231 


GGCCAGTTGGCAAAACA 


232 
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Ipi weal Pheflotype & 1 CofrecSns Oltgos 


SEOID 


TGC-TAC 
Cys-141 toTyr 
Li-Fraumeni syndrome 


TCCTCTTCCTACAGTACTCCCCTGCCCTCAACAAGATGTTTTG 
CCAACTGGCCAAGACCTGCCCTGTGCAGCTGTGGGTTGATTC 
CACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGC 




GCCATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGGAAT 
CAACCCACAGCTGCACAGGGCAGGTCTTGGGCAGTTGGCAA 
AACATCTTGTTGAGGGCAGGGGAGTACTGTAGGAAGAGGA 


234 


CAAGACCTGCCCTGTGC 


235 


GCACAGGGCAGGTCTTG 


236 


aCCC-TCC 
Pro-151toSer 
Li-Fraumeni syndrome 


AACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAG 
CTGTGGGTTGATTCCACACCCCCGCCCGGGACCCGCGTCCG 
CGCCATGGCCATCTACAAGCAGTCACAGCACATGACGG 


CO I 


CCGTCATGTGCTGTGACTGCTTGTAGATGGCCATGGCGCGG 
ACGCGGGTGCCGGGCGGGGGTGTGGAATCAACCCACAGCT 
GCACAGGGCAGGTCTTGGCCAGnGGCAAAACATCTTGTT 


238 


ATTCCACACCCCCGCCC 


239 


GGGCGGGGGTGTGGAAT 


240 


CCG-CTG 
Pro-152toLeu 
Adrenocortical 
carcinoma 


AGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT 
GGGTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCC 
ATGGCCATCTACAAGGAGTCACAGCACATGACGGAGGT 




ACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGCCATGGCG 
CGGACGCGGGTGCCGGGCGGGGGTGTGGAATCAACCCACA 
GCTGCACAGGGCAGGTCTTGGCCAGTTGGCAAAACATCT 


242 


CACACCCCCGCCCGGCA 


243 


TGCCGGGCGGGGGTGTG 


244 


GGC-GTC 

Gly-154toVal 

Glioblastoma 


TTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGTGGGTTG 
ATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCC 
ATCTACAAGCAGTCACAGCACATGACGGAGGnGTGAG 




CTCACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGCC 
ATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGGAATCAA 
CCCACAGCTGCACAGGGCAGGTCTTGGCCAGTTGGCAAA 


246 


CCCGCCCGGCACCCGCG 


247 


CGCGGGTGCCGGGCGGG 


248 


CGC-UAC 
Arg-175toHis 
Li-Fraumeni syndrome 


CCCGCGTCCGCGCCATGGCCATCTACAAGCAGTCACAGCAC 
ATGACGGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTG 
CTCAGATAGCGATGGTGAGCAGCTGGGGCTGGAGAGACG 


249 
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Ciiracai Ptienofype & 


CofT^ng ORgos 


SEQID 
NO: 




CGTCTCTCCAGCCCCAGCTGCTCACCATCGCTATCTGAGCAG 
CGCTCATGGTGGGGGCAGCGCCTCACAACCTCCGTCATGTG 
CTGTGACTGCTTGTAGATGGCCATGGCGCGGACGCGGG 


250 




TGTGAGGCGCTGCCCCC 


251 




GGGGGCAGCGCCTCACA 


252 


tGAG-AAG 
Glu-180toLys 
Li-Fraumeni syndrome 


ATGGCCATCTACAAGCAGTCACAGCACATGACGGAGGTTGTG 
AGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGG 
TGAGCAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGC 


253 




GCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTCACCAT 
CGCTATCTGAGCAGCGCTCATGGTGGGGGCAGCGCCTCACA 
ACCTCCGTCATGTGCTGTGACTGCTTGTAGAT6GCCAT 


254 




CCCACCATGAGCGCTGC 


255 




GCAGCGCTCATGGTGGG 


256 


gCGC-TGC 
Arg-181 toCys 
Breast cancer 


GCCATCTACAAGCAGTCACAGCACATGACGGAGGTTGTGAGG 

CGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTGA 

GCAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGCCCA 


257 




TGGGCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTCA 
CCATCGCTATCTGAGCAGCGCTCATGGTGGGGGCAGCGCCT 
CACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGGC 


258 




ACCATGAGCGCTGCTCA 


259 




TGAGCAGCGCTCATGGT 


260 


CGC-CAC 
Arg-81 to His 
Breast cancer 


CCATCTACAAGCAGTCACAGCACATGACGGAGGTTGTGAGGC 

GCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTGAG 

CAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGCCCAG 


261 




CTGGGCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGCTC 
ACCATCGCTATCTGAGCAGCGCTCATGGTGGGGGCAGCGCC 
TCACAACCTCCGTCATGTGCTGTGACTGCTTGTAGATGG 


262 




CCATGAGCGCTGCTCAG 


263 




CTGAGCAGCGCTCATGG 


264 


CAT-CGT 
His-193toArg 
Li-Fraumeni syndrome 


CCAGGGTCCCCAGGCCTCTGATTCCTCACTGATTGCTCTTAG 
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAAATT 
TGCGTGTGGAGTATTTGGATGACAGAAACACI 1 IICG 


265 




CGAAAAGTGTTTCTGTCATCCAAATACTCCACACGCAAATTTC 

CTTCCACTCGGATAAGAIGCTGAGGAGGGGCCAGACCTAAGA 

GCAATCAGTGAGGAATCAGAGGCCTGGGGACCCTGG 


266 
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i5 





CoirecSn$Oligos 


SEQiD 

mi 




TCCTCAGCATCTTATCC 


267 


GGATAAGATGCTGAGGA 


268 


cCGA-TGA 
Arg-196toTemi 
Adrenocortical 
carcinoma 


CCCAGGCCTCTGATTCCTGACTGATTGGTCTTAGGTCTGGCC 
CCTCCTCAGCATCTTATCCGAGTGGAAGGAAATTTGCGTGTG 
GAGTATTTGGATGACAGAAACACI 1 i ICGACATAGTG 


269 


CACTATGTCGAAAAGTGTTTCTGTCATCCAAATACTCCACACG 
CAAATTTCCTTCCACTCGGATAAGATGCTGAGGAGGGGCCAG 
ACCTAAGAGCAATCAGTGAGGAATCAGAGGCCTGGG 


270 


ATCTTATCCGAGTGGAA 


271 


TTCCACTCGGATAAGAT 


272 


cAGA-TGA 
Arg-209toTerm 
Li-Fraumeni syndrome 


GCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAAATTTGCGT 
GTGGAGTATITGGATGACAGAAACACI 1 1 1 CGACATAGTGTG 
GTGGTGCCCTATGAGCCGCCTGAGGTCTGGnTGCAA 


273 


TTGCAAACCAGACCTCAGGCGGCTCATAGGGCACCACCACA 

CTATGTCGAAAAGTGTTTCIGTCATCCAAATACTCCACACGCA 

AATTTCCTTCCACTCGGATAAGATGCTGAGGAGGGGC 


274 


TGGATGACAGAAACACT 


275 


AGTGTTTCTGTCATCCA 


276 


tCGA-TGA 
Arg-213toTerm 
Li-Fraumeni syndrome 


CATCTTATCCGAGTGGAAGGAAATTTGCGTGTGGAGTATTTG 
GATGACAGAAACACI 1 1 1 CGACATAGTGTGGTGGTGCCCTAT 
GAGCCGCGTGAGGTCTGGTTTGCAACTGGGGTCTCTG 


277 


CAGAGACCCCAGTTGCAAACCAGACCTCAGGCGGCTCATAG 

GGCACCACCACACTATGTC6AAAAGTGTTTCTGTCATCCAAAT 

ACTCCACACGCAAATiTCCTTGCACTCGGATAAGATG 


278 


ACACI 1 1 ICGACAIAGI 


279 


ACTATGTCGAAAAGTGT 


280 


gCCC-TCC 
Pro-219toSer 
Adrenocortical 
carcinoma 


GGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACAC II 1 1 C 

GACATAGTGTGGTGGTGCCCTATGAGCCGCCTGAGGTCTGG 

TTTGCAACTGGGGTCTCTGGGAGGAGGGGTTAAGGGT 


281 


ACCCTTAACCCCTCCTCCCAGAGACCCCAGTTGCAAACCAGA 
CCTCAGGCGGCTCATAGGGCACCACCACACTATGTCGAAAAG 
TGTTTCTGTCATCCAAATACTCCACACGCAAATTTCC 


282 


TGGTGGTGCCCTATGAG 


283 


CTCATAGGGCACCACCA 


284 
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ICtiracal Phenofype & 


CofTecSfisiOrtgos 


SEOID 
NO: 


TAT-TGT 
Tyr-220toCys 
Li-Fraumeni syndrome 


ATTTGCGTGTGGAGTAl 1 IGGATGACAGAAACACTTI 1 ObAUA 

TAGTGTGGTGGTGCCCTATGAGCCGCCTGAGGTCTGGTTTG 

CAACTGGGGTCTCTGGGAGGAGGGGTTAAGGGTGGTT 




AACCACCCTTAACCCCTCCTCCCAGAGACCCCAGTTGCAAAC 
CAGACCTCAGGCGGCTCATAGGGCACCACCACACTATGTCG 
AAAAGTGTTTCTGTCATCCAAATACTCCACACGCAAAT 


286 


GGTGCCCTATGAGCCGC 


267 


GCGGCTCATAGGGCACC 


288 


cTCT-ACT 

Ser-227toThr 

Rhabdomyosarcoma 


CACAGGTCTCCOOAAbbUbUAU 1 boOU 1 L.A 1 L. 1 1 bbtjL/Lr 1 u 

TGTTATCTCCTAGGTTGGCTCTGACTGTACCACCATCCACTAC 

AACTACATGTGTAACAG7TCCTGCATGGGCGGCATGA 




TCATGCCGCCCATGCAGGAACTGTTACACATGTAGTTGTAGT 
GGATGGTGGTACAGTCAGAGCCAACCTAGGAGATAACACAG 
GCCCAAGATGAGGCCAGTGCGCCTTGGGGAGACCTGTG 


290 


AGGTTGGCICTGACTGT 


291 


ACAGTCAGAGCCAACCT 


292 


cCAC-AAC 
His-233 to Asn 
Glioma 


GCACTGGCC/TuAICI loboLUIblbl lAIUIL/OlAbbI IbbU 
TCTGACTGTACCACCATCCACTACAACTACATGTGTAACAGTT 
CCTGCATGGGCGGCATGAACCGGAGGCCCATCCTCA 




TGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAGGAACTG 
TTACACATGTAGTTGTAGTGGATGGTGGTACAGTCAGAGCCA 
ACCTAGGAGATAACACAGGCCCAAGATGAGGCCAGTGC 


294 


CCACCATCCACTACAAC 


295 


GTTGTAGTGGATGGTGG 


296 


cAAC-GAC 
Asn-235 to Asp 
Adrenocortical 
carcinoma 


buOTOAIOI ibbbLOIblbl lAlL-IUUIAbbl IbbUIL/lbAL. 

TGTACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCA 
TGGGCGGCATGAACCGGAGGCCCATCCTCACCATCA 


0Q7 


TGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCAG 
GAACTGTTACACATGTAGTTGTAGTGGATGGTGGTACAGTCA 
GAGCCAACCTAGGAGATAACACAGGCCCAAGATGAGGC 


298 


TCCACTACAACTACATG 


299 


CATGTAGTTGTAGTGGA 


300 


AAC-AGC 
Asn-235 to Ser 
Rhabdomyosarcoma 


CCTCATCTTGGGCCTGTGTTATCTCCTAGGTTGGCTCTGaCT 

GTACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCAT 

GGGCGGCATGAACCGGAGGCCCATCCTCACCATCAT 


301 



03/27/01 08:32 pm 
03132.001 — [NY]727604.1 



-61- 







SEQiD 




ATGATGGTGAGGATGGGCCTCCGGTTCATGCCGCCCATGCA 
GGAACTGTTACACATGTAG1TGTAGTGGATGGTGGTACAGTC 
AGAGCCAACCTAGGAGATAACACAGGCCCAAGATGAGG 


302 




CCACTACAACTACATGT 


303 




ACATGTAGTTGTAGTGG 


304 


ATCc-ATG 
lie-251 to Met 
Glioma 


CATCCACTACAACTACATGTGTAACAOTTLGTGCATbbbubb 

CATGAACCGGAGGCCCATCCTCACCATCATCACACTGGAAGA 

CTCCAGGTCAGGAGCCACTTGCCACCCTGCACACTGG 


one 
oU5 




CCAGTGTGCAGGGTGGCAAGTGGCTCCTGACCTGGAGTCTT 
CCAGTGTGATGATGGTGAGGATGGGCCTCCGGTTCATGCCG 
CCCATGCAGGAACTGTTAGACATGTAGTTGTAGTGGATG 


306 




AGGCCCATCCTCACCAT 


307 




ATGGTGAGGATGGGCCT 


308 


A A ATA 

ACA-ATA 

Thr-256tolle 

Glioblastoma 


ACATGTGTAAt/AbTTLL 1 (jOA I bbbOboLA 1 (jAAULboAbvj 

CCCATCCTCACCATCATCACAGTGGAAGACTCCAGGTCAGGA 

GCCACTTGCCACCCTGCACACTGGCCTGCTGTGCCCCA 


ouy 




TGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGTGGCTCC 
TGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCT 
CCGGTTCATGCCGCCCATGCAGGAACTGTTACACATGT 


310 




CATCATCACACTGGAAG 


311 




CTTCCAGTGTGATGATG 


312 


OTTO A O 

Leu-257toGln 
Li-Fraumeni syndrome 


1 b 1 b 1 AALAb 1 1 bU 1 bUA 1 bbbbbbbA 1 bAAbbbbAbbUbU 
ATCCTGACCATCATGACACTGGAAGACTCCAGGTCAGGAGCC 
ACTTGCCACCCTGCACACTGGCCTGCTGTGCCCCAGCC 


6 \6 




GGCTGGGGCACAGCAGGCCAGTGTGCAGGGTGGCAAGTGG 

CTCCTGACCTGGAGTCTTCCAGTGTGATGATGGTGAGGATGG 

GCCTCCGGTTCATGCCGCCGATGCAGGAACTGTTACACA 


314 




CATCACACIGGAAGACT 


315 




AGTCTTCCAGTGTGATG 


316 


CTG-CCG 
Leu-265toPro 
Li-Fraumeni syndrome 


GACCTGA 1 1 1 LbTTAbTbbbTO 1 1 bb 1 1 b 1 b 1 1 1 1 bb 1 A 1 bb 1 

GAGTAGTGGTAATCTACTGGGACGGAACAGCTTTGAGGTGCG 

TGTrrGTGCCTGTGGTGGGAGAGACCGGCGCACAGA 






TCTGTGCGCCGGTCTCTCCCAGGACAGGCACAAACACGCAC 
CTCAAAGCTGTTCCGTCCCAGTAGATTACCACTACTCAGGAT 
AGGAAAAGAGAAGCAAGAGGCAGTAAGGAAATCAGGTC 


318 
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SEQiD 

no- 




TAATCTACIGGGACGGA 


319 


TCCGTCCCAGTAGATTA 


320 


gCGT-TGT 
Arg-273toCys 
Li-Fraumeni syndrome 


TGCTTCTCI 1 1 ICCTATCCTGAGTAGTGGTAATCTACTGGGAC 

GGAACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGA 

GACCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAG 


321 


CTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCTCC 

CAGGACAGGCACAAACACGCACCTCAAAGCTGTTCCGTCCCA 

GTAGATTACCACTACTCAGGATAGGAAAAGAGAAGCA 


322 


TTGAGGTGCGTGTTTGT 


323 


ACAAACACGCACCTCAA 


324 


TGT-TAT 
Cys-275toTyr 
Li-Fraumeni syndrome 


C 1 1 1 1 CCTATCCTGAGTAGTGGTAATCTACTGGGACGGAACA 
GCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGG 
CGCACAGAGGAAGAGAATCTCCGCAAGAAAGGGGAGCC 


325 


GGCTCCCCTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGG 
TCTCTCCCAGGACAGGCACAAACACGCACCTCAAAGCTGTTC 
CGTCCCAGTAGATTACCACTACTCAGGATAGGAAAAG 


326 


GCGTGTTTGTGCCTGTC 


327 


GACAGGCACAAACACGC 


328 


CCT-CTT 
Pro-278toLeu 
Breast cancer 


TCCTGAGTAGTGGTAATCTACTGGGACGGAACAGCTTTGAGG 
TGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGAG 
GAAGAGAATCTCCGCAAGAAAGGGGAGCCTCACCACGA 


329 


TCGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCTTCCTCT 
GTGCGCCGGTCTCTCCCAGGACAGGCACAAACACGCACCTC 
AAAGCTGTTCCGTCCCAGTAGATTACCACTACTCAGGA 


330 


TGCCTGTCCTGGGAGAG 


331 


CTCTCCCAGGACAGGCA 


332 


AGA-AM 

Arg-280toLys 

Glioma 


GTAGTGGTAATCTACTGGGACGGAACAGCTTTGAGGTGCGTG 
TTTGTGCCTGTCCTGGGAGAGACCGGCGCACAGAGGAAGAG 
AATCTCCGCAAGAAAGGGGAGCCTCACCACGAGCTGCC 


333 


GGCAGCTCGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCT 

TCCTCTGTGCGCCGGTCTCTCCCAGGACAGGCACAAACACG 

CACCTCAAAGCTGTTCCGTCCCAGTAGATTACCACTAC 


334 


TCCTGGGAGAGACCGGC 


^335 


GCCGGTCTCTCCCAGGA 


336 
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CojrectiiigOltgos 


SEOiD 
NO: 


GAA-GCA 

Glu-286toAla 

Adrenocortical 


GGAACAGCTTTGAGGTGCGTGTT 1 b 1 buu I b I UL. i UboAbA 

GACCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAGGGGA 

GCCTCACCACGAGCTGCCCCCAGGGAGCACTAAGCGAGG 




carcinoma 


CCTCGCTTAGTGCTCCCTGGGGGCAGCTCGTGGTGAGGCTC 
CCCTTTCTTGCGGAGATTCTCTTCCTCTGTGCGCCGGTCTCT 
CCCAGGACAGGCACAAACACGCACCTCAAAGCTGTTCC 


338 




AGAGGAAGAGAATCTCC 


339 




GGAGATTCTCTTCCTCT 


340 


CGA-CCA 
Arg-306 to Pro 
Rhabdomyosarcoma 


AAGAGAATCTCCGCAAGAAACabbbACsOL. 1 L.AL.UAUbAbU 1 o 
CCCCCAGGGAGCACTAAGCGAGGTAAGCAAGCAGGACAAGA 
AGCGGTG6AGGAGACCAAGGGTGCAGTTATGCCTCAGAT 


Ot 1 




ATCTGAGGCATAACTGCACCCTTGGTCTCCTCCACCGCTTCT 

TGTCCTGCTTGCTTACCTCGCTTAGTGCTCCCTGGGGGCAGC 

TCGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCTT 


342 




CACTAAGCGAGGTAAGC 


343 




GCTTACCTCGCTTAGTG 


344 


gCGA-TGA 
Arg-306 to Term 
Li-Fraumeni syndrome 


GAAGAGAATCTCCGCAAGAAA(3bbbAbL.Lr 1 L-AOL-AubA^jL/ 1 

GCCCCCAGGGAGCACTAAGCGAGGTAAGCAAGCAGGACAAG 
AAGCGGTGGAGGAGACCAAGGGTGCAGTTATGCCTCAGA 






TCTGAGGCATAACTGCACCCTTGGTCTCCTCCACCGCTTCTT 

GTCCTGCTTGCTTACCTCGCTTAGTGCTCCCTGGGGGCAGCT 

CGTGGTGAGGCTCCCCTTTCTTGCGGAGATTCTCTTC 


346 




GCACTAAGCGAGGTAAG 


347 




CTTACCTCGCTTAGTGC 


348 


gCGC-TGC 

Arg-337toCys 

Osteosarcoma 


GGTACTGTGAATATACTTAuTTL 1 L-OOOO 1 bL. 1 b i b 1 1 bb 1 bO 
AGATCCGTGGGCGTGAGCGCTTCGAGATGTTCCGAGAGCTG 
AATGAGGCCTTGGAACTCAAGGATGCCCAGGCTGGGA 






TCCCAGCCTGGGCATCCTTGAGTTCCAAGGCCTCATTCAGCT 
CTCGGAACATCTCGAAGCGCTCACGCCCACGGATCTGCAGC 
AACAGAGGAGGGGGAGAAGTAAGTATATTCACAGTACC 


350 




GGCGTGAGCGCTTCGAG 


351 




CTCGAAGCGCTCACGCC 


352 


CTG-CCG 
Leu-344 to Pro 
Li-Fraumeni syndrome 


CTCCCCCTCCTCTGTTGCTGCAGATCCGTGGGCGTGAGCGC 
TTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAG 
GATGCCCAGGCTGGGAAGGAGCCAGGGGGGAGCAGGGC 


353 
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S/tutaHon 


CoirecSns Oitgos 


SEQiD 
NO: 




GCCCTGCTCCCCCCTGGCTCCTTCCCAGCCTGGGCATCCTT 

GAGTTCCAAGGCCTCATTCAGCTCTCGGAACATCTCGAAGCG 

CTCACGCCCACGGATCTGCAGCAACAGAGGAGGGGGAG 


354 


CCGAGAGCIGAATGAGG 


355 


CCTCATTCAGCTCTCGG 


356 



EXAMPLE 6 
beta qlobin 

O Hemoglobin, the major protein in the red blood cell, binds oxygen reversibly and is 

ff J responsible for the cells' capacity to transport oxygen to the tissues. In adults, the major hemoglobin is 
S;^ hemoglobin A, a tetrameric protein consisting of two identical alpha globin chains and two beta globin 
m chains. Disorders involving hemoglobin are among the most common genetic disorders worldwide, with 

10 approximately 5% of the world's population being carriers for clinically important hemoglobin mutations. 

%^ Approximately 300,000 severely affected homozygotes or compound heterozygotes are born each year. 

W Mutation of the glutamic acid at position 7 in beta globin to valine causes sickle cell 

^10 anemia, the clinical manifestations of which are well known. Mutations that cause absence of beta chain 
r:_ cause beta-zero-thalassemia. Reduced amounts of detectable beta globin causes beta-plus-thalassemia. 

For clinical purposes, beta-thalassemia is divided into thalassemia major (transfusion dependent), 
thalassemia intermedia (of intermediate severity), and thalassemia minor (asymptomatic). Patients with 
thalassemia major present in the first year of life with severe anemia; they are unable to maintain a 
1 5 hemoglobin level about 5 gm/dl. 

The beta-thalassemias were among the first human genetic diseases to be examined by 
means of recombinant DNA analysis. Baysal et al., Hemoglobin 19(3-4):213-36 (1995) and others 
provide a compendium of mutations that result in beta-thalassemia. 

Hemoglobin disorders were among the first to be considered for gene therapy. 
20 Transcriptional silencing of genes transferred into hematopoietic stem cells, however, poses one of the 
most significant challenges to its success. If the transferred gene is not completely silenced, a 
progressive decline in gene expression is often observed. Pos'tion effect variegat'on (PEV) and silencing 
mechanisms may act on a transferred globin gene residing in chromatin outside of the normal globin 
locus during the important terminal phases of erythroblast development when globin transcripts normally 
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accumulate rapidly despite heterochromatization and shutdown of the rest of the genome. The attached 
table discloses the correcting oligonucleotide base sequences for the beta globin oligonucleotides of the 
invention. 



Table 12 

Beta Globin Mutations and Genome-Correcting Oliqos 



MutattctQ 


1 SEQiD 

Corr$<^fi9Q!igQ$ j ^q. 


Sickle Cell Anemia 

GLU-7-VAL 

GAGtoGTG 


TCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCA 
TGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCC 


357 


TCACCACCAACTTCATCCACGTTCACCTTGCCCCACAGGGCA 

GTAACGGCAGACTTCTCCTCAGGAGTCAGGTGCACCATGGT 

RTrTGTTTRAGGTTGCTAGTGAACACAGTTGTGTCAGA 


358 


GACTCCTGAGGAGAAGT 


359 


ACTTCTCCTCAGGAGTC 


360 


Thalassaemia Beta 

MET-O-ARG 

ATGtoAGG 


CTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCA 
ACCTCAAACAGACACCAIGGTGCACCTGACTCCTGAGGAGA 


361 


ACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTC 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 


362 


AGACACCATGGTGCACC 


363 


GGTGCACCATGGTGTCT 


364 


Thalassaemia Beta 

MET-O-ILE 

ATGtoATA 


TATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAA 
CCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGAA 
GTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTG 


365 


CACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCT 
CCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGC 
TAGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATA 


366 


GACACCATGGTGCACCT 


367 


AGGTGCACCATGGTGTC 


368 


Thalassaemia Beta 

MET-O-ILE 

ATGtoATT 


TATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAA 
CCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAC^A ' 
GTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTG 


369 
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CJIaleai PlteBQl^e & 
Mutation 




SEOiO 

mi 




CACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCT 
CCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGC 
TAGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATA 


370 


GACACCATGGTGCACCT 


371 


AGGTGCACCATGGTGTC 


372 


Thalassaemia Beta 

MET-O-LYS 

ATGtoMG 


CTA TTCjUn AoA 1 1 1 1 1 L» 1 oAUAUAAO 1 b 1 o 1 1 uAU 1 AkaOA 

ACCTCAAACAGACACCAIGGTGCACCTGACTCCTGAGGAGA 

AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT 




ACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTC 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 


374 


AGACACCATGGTGCACC 


375 


GGTGCACCATGGTGTCT 


376 


Thalassaemia Beta 

MET-O-THR 

ATGtoACG 


U 1 A 1 1 1 1 AUA 1 1 i v:jU I 1 L/ I oAUAU AMu 1 o 1 o 1 1 UMu 1 MoUM 

ACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAGA 
AGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT 


Ol 1 


ACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTC 
CTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAGGTTGCT 
AGTGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAG 


378 


AGACACCAIGGTGCACC 


379 


GGTGCACCATGGTGTCT 


380 


Thalassaemia Beta 

MET-O-VAL 

ATGtoGTG 


TOTA TT GC 1 1 ACA 1 1 1 oL \ IL\ bALALAAU 1 o 1 o 1 1 UAU 1 Abv^ 
AACCTCAAACAGACACCATGGTGCACCTGACTCCTGAGGAG 
AAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACG 


oO t 


CGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTCC 

TCAGGAGTCAGGTGCACCAIGGTGTCTGTTTGAGGTTGCTAG 

TGAACACAGTTGTGTCAGAAGCAAATGTAAGCAATAGA 


382 


CAGACACCATGGTGCAC 


383 


GTGCACCATGGTGTCTG 


384 


Thalassaemia Beta 

TRP-16-Term 

TGGtoTGA 


XOA A A^AOAr'A/->r>AT^OTO/^Ar'r^TOAr'TrT'T/^Af^(^A(^&Af^T 

1 uAAALrAbAUAOL-A 1 bo 1 buAOU 1 bAu 1 L>U 1 bAbbAbAAb 1 

CTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAA 
GTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGnA 


000 


TAACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTTC 
ATCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACT 
TCTCCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGA 


386 
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Corracttng Oii^QS 


SEaiD 




GCCCTGTGGGGCAAGGT 


387 


ACCTTGCCCCACAGGGC 


388 


Thalassaemia Beta 

TRP-16-Term 

TGGtoTAG 


CTCAAACAGACACCATGGTGCAGC IGAL 1 Uu 1 bAbbA(jAAb 
TCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGA 
AGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTT 




AACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTTCA 

TCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCAGACTT 

CTCCTCAGGAGTCAGGTGCACCATGGTGTCTGTTTGAG 


390 


TGCCCTGTGGGGCAAGG 


391 


CCTTGCCCCACAGGGCA 


392 


Thalassaemia Beta 

LYS-18-Term 

AAGtoTAG 


AOAGACAOLA 1 bo 1 LjLALL i oAu 1 OL. 1 oAouAoAAo 1 0 1 

CGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTG 

GTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTACAAG 




CTTGTAACCTTGATACCAACCTGCCCAGGGCCTCACCACCAA 

CTTCATCCACGTTCACCTTGCCCCACAGGGCAGTAACGGCA 

GACTTCTCCTCAGGAGTCAGGTGCACCATGGTGTCTGT 


394 


TGTGGGGCAAGGTGAAC 


395 


GTTCACCTTGCCCCACA 


396 


Thalassaemia Beta 

ASN-20-SER 

AACtoAGC 


CCATGGTGCACGTbAOl 00 1 bAGGAbAAo 1 U 1 bOUb 1 1 AO 1 

GCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGA 

GGCCCTGGGCAGGTTGGTATCAAGGTTACAAGACAGGTT 


oy/ 


AACCTGTCTTGTAACCTTGATACCAACCTGCCCAGGGCCTCA 
CCACCAACTTCATCCACGTTCACCTTGCCCCACAGGGCAGTA 
ACGGCAGACTTCTCCTCAGGAGTCAGGTGCACCATGG 


398 


CAAGGTGAACGTGGATG 


399 


CATCCACGTTCACCTTG 


400 


Thalassaemia Beta 

GLU-23-ALA 

GAAtoGCA 


ACCTGACTCCTGAGGAGAAGTCTGCCG TTAOTbOOOl bl bb 
GGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGG 
GCAGGTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGAC 


41)1 


GTCTCCTTAAACCTGTCTTGTAACCTTGATACCAACCTGCCC 

AGGGCCTCACCACCAACTTCATCCACGTTCACCTTGCCCCAC 

AGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAGGT 


402 


CGTGGATGAAGTTGGTG 


403 


CACCAACTTCATCCACG 


404 
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Mutation 


Correcting Qii^os 


SEQfD 


Thalassaemia Beta 

GLU-23-term 

GAAtoTAA 


CACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTG 
GGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTG 
GGCAGGTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGA 


405 




TCTCCTTAAACCTGTCTTGTAACCTTGATACCAACCTGCCCA 

GGGCCTCACCACCAACTTCATCCACGTTCACCTTGCCCCACA 

GGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAGGTG 


406 




ACGTGGATGAAGTTGGT 


407 




ACCAACTTCATCCACGT 


408 


Thalassaemia Beta 

GLU-27-LYS 

GAGtoAAG 


GAGGAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAA 
CGTGGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTAT 
CAAGGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACT 


409 




AGTTTCCATTTGCCTCCTTGAGCCTCTCTTATAACCTTGATAC 
CAACCTGCCCAGGGCCTCACCACCAACTGCATCCACGTTCA 
CTTTGCCCCACAGGGCATTGACAGCAGTCTTCTCCTC 


410 




TTGGTGGTGAGGCCCTG 


411 




CAGGGCCTCACCACCAA 


412 


Thalassaemia Beta 
GLU-27-Term 
GAG to TAG 


GAGGAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAA 
CGTGGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTAT 
CAAGGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACT 


413 




AGTTTCCATTTGCCTCCTTGAGCCTCTCTTATAACCTTGATAC 
CAACCTGCCCAGGGCCTCACCACCAACTGCATCCACGTTCA 
CTTTGCCCCACAGGGCATTGACAGCAGTCTTCTCCTC 


414 




TTGGTGGTGAGGCCCTG 


415 




CAGGGCCTCACCACCAA 


416 


Thalassaemia Beta 

ALA-28-SER 

GCCtoTCC 


GAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAACGT 
GGATGCAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAA 
GGTTATAAGAGAGGCTCAAGGAGGCAAATGGAAACTGGG 


417 




CCCAGTTTCCATTTGCCTCCTTGAGCCTCTCTTATAACCTTGA 

TACCAACCTGCCCAGGGCCTCACCACCAACTGCATCCACGT 

TCACTTTGCCCCACAGGGCATTGACAGCAGTCTTCTC 


418 




GTGGTGAGGCCCTGGGC 


419 




GCCCAGGGCCTCACCAC 


420 
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Correctlag Oli^os 


mi 


Thalassaemia Beta 

ARG-31-THR 

AGGtoACG 


CTGTCAATGCCCTGTGGGGCAAAGTGAACGTGGATGCAGTT 
GGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTATAAGA 
GAGGCTCAAGGAGGCAAATGGAAACTGGGCATGTGTAGA 


421 




TCTACACATGCCCAGTTTCCATTTGCCTCCTTGAGCCTCTCTT 
ATAACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTG 
CATCCACGTTCACTTTGCCCCACAGGGCATTGACAG 


422 




CCTGGGCAGGTTGGTAT 


423 




ATACCAACCTGCCCAGG 


424 


Thalassaemia Beta 

Leu-33-GLN 

CTGtoCAG 


TGGGTTTCTGATAGGCACTGACTCTCTGTCCCTTGGGCTGTT 
TTCCTACCCTCAGATTACTGGTGGTCTACCCTTGGACCCAGA 
GGTTCTTTGAGTCCTTTGGGGATCTGTCCTCTCCTGA 


425 




TCAGGAGAGGACAGATCCCCAAAGGACTCAAAGAACCTCTG 
GGTCCAAGGGTAGACCACCAGTAATCTGAGGGTAGGAAAAC 
AGCCCAAGGGACAGAGAGTCAGTGCCTATCAGAAACCCA 


426 




CAGATTACIGGTGGTCT 


427 




AGACCACCAGTAATCTG 


428 


Thalassaemia Beta 

TYR-36-Temi 

TACtoTAA 


ATAGGCACTGACTCTCTGTCCCTTGGGCTGI 1 1 ICCTACCCT 
CAGATTACTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGA 
GTCCTTTGGGGATCTGTCCTCTCCTGATGCTGTTATG 


429 




CATAACAGCATCAGGAGAGGACAGATCCCCAAAGGACTCAAA 

GAACCTCTGGGTCCAAGGGTAGACCACCAGTAATCTGAGGG 

TAGGAAAACAGCCCAAGGGACAGAGAGTCAGTGCCTAT 


430 




GTGGTCTACCCTTGGAC 


431 




GTCCAAGGGTAGACCAC 


432 


Thalassaemia Beta 

TRP-38-Term 

TGGtoTGA 


ACTGACTCTCTGTCCCTTGGGCTGI 1 1 1 CCTACCCTCAGATT 

ACTGGTGGTCTACCCTTGGACCCAGAGGnCTTTGAGTCCn 

TGGGGATCTGTCCTCTCCTGATGCTGTTATGGGCAAC 


433 




GTTGCCCATAACAGCATCAGGAGAGGACAGATCCCCAAAGG 

ACTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAGTAATC 

TGAGGGTAGGAAAACAGCCCAAGGGACAGAGAGTCAGT 


434 




TACCCTTGGACCCAGAG 


435 




CTCTGGGTCCAAGGGTA 


436 


Thalassaemia Beta 

TRP-38-Temi 

TGGtoTAG 


CACTGACTCTCTGTCCCnGGGCTGI 1 1 1 CCTACCCTCAGAT 
TACTGGTGGTCTAGGCTTGGACCCAGAGGTTCTTTGAGTCCT 
TrGGGGATCTGTCCTCTCCTGATGCTGTTATGGGCAA 


437 
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Clinical PheRotyi>e & 
Mutation 


Cotrediltio Oiioos 


SEQID 




TTGCCCATAACAGCATCAGGAGAGGACAGATCCCCAAAGGA 

CTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAGTAATCT 

GAGGGTAGGAAAACAGCCCAAGGGACAGAGAGTCAGTG 


438 




CTACCCTTGGACCCAGA 


439 




TCTGGGTCCAAGGGTAG 


440 


Thalassaemia Beta 

GLN-40-Term 

CAG-TAG 


ArTnTrTnTrrPTTr^^^f^r'TfiTTTTrrTArnrTnAGATTACTG 

GTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGG 

GATCTGTCCTCTCCTGATGCTGTTATGGGCAACCCTA 


441 




TAGGGTTGCCCATAACAGCATCAGGAGAGGACAGATCCCCA 
AAGGACTCAAAGAACCTCTGGGTCCAAGGGTAGACCACCAG 
TAATCTGAGGGTAGGAAAACAGCCCAAGGGACAGAGAGT 


442 




CTTGGACCCAGAGGTTC 


443 




GAACCTCTGGGTCCAAG 


444 


Thalassaemia Beta 
GLU-44-Tenn 
GAG to TAG 


TTnmnn, 1 1 1 1 rrTArrrTrAf^ATTACTGGTGGTCTACCCT 
TGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCTCT 
CCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTC 


445 




GAGCCTTCACCTTAGGGTTGCCCATAACAGCATCAGGAGAG 
GACAGATCCCCAAAGGACTCAAAGAACCTCTGGGTCCAAGG 
GTAGACCACCAGTAATCTGAGGGTAGGAAAACAGCCCAA 


446 




GGTTCTTTGAGTCCTTT 


447 




AAAGGACTCAAAGAACC 


448 


Thalassaemia Beta 

LYS-62-Tem^ 

AAGtoTAG 


TTrTTTrArsTrPTTTf^f^f^f^ATrTRTrrTr'TnnTGATGCTGTTA 

TGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAGGTGCTA 

GGTGCCT7TAGTGATGGCCTGGCTCACCTGGACAACC 


449 




GGTTGTCCAGGTGAGCCAGGCCATCACTAAAGGCACCTAGC 
ACCTTCTTGCCATGAGCCTTCACCTTAGGGTTGCCCATAACA 
GCATCAGGAGAGGACAGATCCCCAAAGGACTCAAAGAA 


450 




CTAAGGTGAAGGCTCAT 


451 




ATGAGCCTICACCTTAG 


452 


1 lidldobdc;) lllci Dcld 

SER-73-ARG 
AGTtoAGA 


TGOTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGA 
AGGTGCTAGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC 
AACCTCAAGGGCACI 1 1 1 1 CTCAGCTGAGTGAGCTGCAC 


453 




GTGCAGCTCACTCAGCTGAGAAAAAGTGCCCTTGAGGTTGTC 

CAGGTGAGCCAGGCCATCACTAAAGGCACCTAGCACCTTCT 

TGCCATGAGCCTTCACCTTAGGGTTGCCCATAACAGCA 


454 
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!;CllaicaJPtieROt^e& 


Correctisg Oiigos 


NO: 




GGCTTTAGTGATGGCCT 


455 




AGGCCATCACTAAAGGC 


456 


Haemolytic Anaemia 

GLY-75-VAL 

GGCtoGTC 


TTATPrrrAArrrxAAf^riTi^AARRrTnATGGCAAGAAGGTG 
CTAGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCT 
CAAGGGCACTTII 1 CTCAGCTGAGTGAGCTGCACTGTGA 


457 




TCACAGTGCAGCTCACTCAGCTGAGAAAAAGTGCCCTTGAG 
GTTGTCCAGGTGAGCCAGGCCATCACTAAAGGCACCTAGCA 
CCTTCTTGCCATGAGCCTTCACGTTAGGGTTGCCCATAA 






TAGTGATGGCCTGGCTC 


459 




GAGGCAGGCGATGACTA 


460 


Thalassaemia Beta 
GLU-91-Term 
GAG to TAG 


r^rrTTTAfSTnATfsr^pr'TnRrTrArOTGGACAACCTCAAGGG 
CACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGC 
ACGTGGATCCTGAGAACTTCAGGGTGAGTCTATGGGACC 


461 




GGTCCCATAGACTCACCCTGAAGTTCTCAGGATGCACGTGCA 

GCTTGTCACAGTGCAGCTCACTCAGTGTGGCAAAGGTGCCC 

TTGAGGTTGTCCAGGTGAGCCAGGCCATCACTAAAGGC 


40/ 




CACTGAGTGAGCTGCAC 


463 




GTGCAGCTCACTCAGTG 


464 


Thalassaemia Beta 

VAL-99-MET 

GTGtoATG 


nTmArAArrTrAARRf^rArTTTTTCTCAGCTGAGTGAGCTG 

CACTGTGACAAGCTGCACGTGGATCCTGAGAACnCAGGGT 

GAGTCCAGGAGATGCTTCACTTTTCTCTTTTTACTTTC 


465 




GAAAGTAAAAAGAGAAAAGTGAAGCATCTCCTGGACTCACCC 
TGAAGTTCTCAGGATCCACGTGCAGCTTGTCACAGTGCAGCT 
CACTCAGCTGAGAAAAAGTGCCCTTGAGGTTGTCCAG 


4do 




AGCTGCACGTGGATCCT 


467 




AGGATCCACGTGCAGCT 


468 


Thalassaemia Beta 

LEU-111-PR0 

CTG-CCG 


prPTTTTPrTAATrATRTTrATArrTnTATCTTCCTCCCACA 

^(^^ 1 1 1 1 1 Mr\ 1 L»M loll OA 1 AO v 1 w 1 I rxi V./ 1 1 ww 1 \j\^\jr\\Ar^ 

GCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCGCATCACT 
TTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTA 


469 




ATGGGCCAGCACACAGACCAGCACGTTGCCCAGGAGCTGTG 
GGAGGAAGATAAGAGGTATGAACATGATTAGCAAAAGGG 


470 




CAACGTGCIGGTCTGTG 


471 




CACAGACCAGCACGTTG 


472 
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Correc^sg OII905 


SEQiD 
NO: 


Thalassaemia Beta 

CYS-113-Term 

TGTtoTGA 


GCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTG 

GGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAA 

AGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAA 


47o 




TTTCTGATAGGCAGCCTGCACTGGTGGGGTGAAnCTTTGCC 
AAAGTGATGGGCCAGCACACAGACCAGCACGTTGCCCAGGA 
GCTGTGGGAGGAAGATAAGAGGTATGAACATGAHAGC 


474 




CTGGTCTGIGTGCTGGC 


475 




GCCAGCACACAGACCAG 


476 


Thalassaemia Beta 

LEU-115-PR0 

CTGtoCCG 


TCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCA 

ACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAAT 

TCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 


477 




ACCACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCT 
TTGCCAAAGTGATGGGCCAGCACACAGACCAGCACGTTGCC 
CAGGAGCTGTGGGAGGAAGATAAGAGGTATGAACATGA 


478 




CTGTGTGCIGGCCCATC 


479 




GATGGGCCAGCACACAG 


480 


Thalassaemia Beta 

ALA-116-ASP 

GCCtoGAC 


TGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACG 
TGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCA 
CCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGC 






GCCACCACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAA 

TTCTTTGCCAAAGTGATGGGCCAGCACACAGACCAGCACGTT 

GCCCAGGAGCTGTGGGAGGAAGATAAGAGGTATGAACA 


482 




TGTGCTGGCCCATCACT 


483 




AGTGATGGGCCAGCACA 


484 


Thalassaemia Beta 

GLU-122-Term 

GAAtoTAA 


TTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTGCT 
GGCCCATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGG 
CTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCC 


485 




GGGCATTAGCCACACCAGCCACCACTTTCTGATAGGCAGCC 
TGCACTGGTGGGGTGAATTCTTTGCCAAAGTGATGGGCCAG 
CACACAGACCAGCACGTTGCCCAGGAGCTGTGGGAGGAA 


486 




TTGGCAAAGAATTCACC 


487 




GGTGAATTCTTTGCCAA 


488 


Thalassaemia Beta 

GLN-128-PRO 

CAGtoCCG 


GCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAA 
GAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 
GGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTA 


489 
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Mutation | 




HO: 




TAGTGATACTTGTGGGCCAGGGCATTAGCCACACCAGCCAC 

CACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTT 

GCCAAAGTGATGGGCCAGCACACAGACCAGCACGTTGC 


490 




ACCAGTGCAGGCTGCCT 


491 




AGGCAGCCIGCACTGGT 


492 


Thalassaemia Beta 

GLN-128-Term 

CAGtoTAG 


GGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAA 

AGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGT 

GGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACT 


493 




AGTGATACTTGTGGGCCAGGGCATTAGCCACACCAGCCACC 
ACTTTCTGATAGGCAGCCTGCACTGGTGGGGTGAATTCTTTG 
CCAAAGTGATGGGCCAGCACACAGACCAGCACGTTGCC 


494 




CACCAGTGCAGGCTGCC 


495 




GGCAGCCTGCACTGGTG 


496 


Thalassaemia Beta 

GLN-132-LYS 

CAGtoAAG 


GTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCA 
CCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGC 
TAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTC 


497 




GAAAGCGAGCTTAGTGATACTTGTGGGCCAGGGCATTAGCC 
ACACCAGCCACCACTTTCTGATAGGCAGCCTGCACTGGTGG 
GGTGAATTCTTTGCCAAAGTGATGGGCCAGCACACAGAC 


498 




CTGCCTATCAGAAAGTG 


499 




CACTTTCTGATAGGCAG 


500 



EXAMPLE 7 

Retinoblastoma 

Retinoblastoma (RB) is an embryonic neoplasm of retinal origin. It almost always 
1 0 presents in early childhood and is often bilateral. The risk of osteogenic sarcoma is increased 500-fold in 
bilateral retinoblastoma patients, the bone malignancy being at sites removed from those exposed to 
radiation treatment of the eye tumor. 

The retnoblastoma susceptibility gene (pRB; pRb) plays a pivotal role in the regulation of 
the cell cycle. pRB restrains cell cycle j^. egression by maintaining a checkpoint in late that controls 
1 5 commitment of cells to enter S phase. The critical role that pRB plays in cell cycle regulation explains its 
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status as archetypal tumor suppressor: loss of pRB function results in an inability to maintain control of 
the Gi checkpoint; unchecked progression through the cell cycle is, in turn, a hallmark of neoplasia. 

Blanquet et al., Hum. Molec. Genet 4: 383-388 (1995) performed a mutation survey of 
the RB1 gene in 232 patients with hereditary or nonhereditary retinoblastoma. They systematically 
5 explored all 27 exons and flanking sequences, as well as the promoter. All types of point mutations were 
represented and found to be unequally distributed along the RB1 gene sequence. In the population 
studied, exons 3, 8, 18, and 19 were preferentially altered. The attached table discloses the correcting 
oligonucleotide base sequences for the retinoblastoma oligonucleotides of the invention. 



Table 13 

hjo pRB Mutations and Genome-Correcting Oligos 



20 



Clinical Phemt^sBi 


Correcting Oii^os 


SEO ID 
HQ: 


Retinoblastoma 

Trp99Term 

TGG-TAG 


AATATTTGATCTTTAI II 1 1 1 GTTCCCAGGGAGGTTATATTCAA 
AAGAAAAAGGAACTGTGGGGAATCTGTATCTTTATTGCAGCA 
GTTGACCTAGATGAGATGTCGTTCACII 1 lACTGA 


501 


TCAGTAAAAGTGAACGACATCTCATCTAGGTCAACTGCTGCA 
ATAAAGATACAGATTCCCCACAGTTCCI 1 1 IICI 1 1 IGAATATA 
ACCTCCCTGGGAACAAAAAATAAAGATCAAATATT 


502 


GGAACTGTGGGGAATCT 


503 


AGATTCCCCACAGTTCC 


504 


Retinoblastoma 

Glu137Asp 

GAA-GAT 


ATTTACI 1 1 1 1 rCTATTCTTTCCTTTGTAGTGTCCATAAATTCTT 

TAACTTACTAAAAGAAATTGATACCAGTACCAAAGTTGATAAT 

GCTATGTCAAGACTGTTGAAGAAGTATGATGTA 


505 


TACATCATACTTCTTCAACAGTCTTGACATAGCATTATCAACTT 
TGGTACTGGTATCAATTTCi 1 1 1 AGTAAGTTAAAGAATTTATGG 
ACACTACAAAGGAAAGAATAGAAAAAAGTAAAT 


506 


CTAAAAGAAATTGATAC 


507 


GIAICAAMICI 1 1 lAG 


508 


Retinoblastoma 

Glu137Term 

GAA-TAA 


IGAI 1 lACI MM ICIAI ICI 1 ICCI 1 IGIAGIGICCAIAAAI 1 
CI 1 lAACTTACTAAAAGAAATTGATACCAGTACCAAAGTTGAT 
AATGCTATGTr^AAGACTGTTGAAGAAGTATGATG 


509 
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Clinical PI)eRotype& 




SEQID 
«0: 




CATCATACTTCTTCAACAGTCTTGACATAGCATTATCAACTTT 
GGTACTGGTATCAATTTCI 1 1 1 AGTAAGTTAAAGAATTTATGG 
ACACTACAAAGGAAAGAATAGAAAAAAGTAAATCA 


510 


TACTAAAAGAAATTGAT 


511 


AICAAIIICIMIAGIA 


512 


Retinoblastoma 

Gln176Term 

CAA-TAA 


AAAATGTTAAAAAGTCATAATG 1 1 1 1 1 U 1 1 1 1 OACjoAUA I o I bA 
ACTTATATATTTGACACAACCCAGCAG7TCGTAAGTAGTTCAC 
AGAATGTTATrTTTCACTTAAAAAAAAAGAI 1 1 1 




AAAAICI 1 1 1 1 1 1 1 lAAGIGAAAAATAACATTCTGTGAACTACT 

TACGAACTGCTGGGTTGTGTCAAATATATAAGTTCACATGTCC 

TGAAAAGAAAAACAmTGACTTTTTAACATTTT 


514 


ATTTGACACAACCCAGC 


515 


GCTGGGTTGTGTCAAAT 


516 


Retinoblastoma 

lle185Thr 

ATA-ACA 


IGA 1 AL-A Mill l(j II 1 1 1 II 1 u 1 IIIL/IAIIIolll MM l A 
GGATATCTACTGAAAIAAATTCTGCATTGGTGCTAAAAGTTTC 
TTGGATCACAI 1 1 1 1 ATTAGCTAAAGGTAAGTT 


D 1 / 


AACTTACCTTTAGCTAATAAAAATGTGATCCAAGAAACTTTTA 

GCACCAATGCAGAATTTATTTCAGTAGATATCCTATTAAACAA 

ATAGAAAGCAGAAAAAAAACAGGAAAAATGTATCA 


518 


TACTGAAAIAAATTCTG 


519 


CAGAATTTATTTCAGTA 


520 


Retinoblastoma 

Gln207Temi 

CAA-TAA 


AAAGATCTGAATCTC-TAAU 11 1 L 1 II AAAAA 1 o 1 AUA 1 1 1 1 1 1 1 
TTCAGGGGAAGTATTACAAATGGAAGATGATCTGGTGATTTC 
ATTTCAGTTAATGCTATGTGTCCTTGACTAI MIA 


OZ 1 


TAAAATAGTCAAGGACACATAGCATTAACTGAAATGAAATCAC 
CAGATCATCTTCCATTTGTAATACTTCCCCTGAAAAAAAAATG 
TACAI 1 1 1 IAAAGAAAG7TAGAGATTCAGATCTTT 


522 


AAGTATTACAAATGGAA 


523 


TTCCATTTGTAATACTT 


524 


Retinoblastoma 

Arg251Term 

CGAtoTGA 


tiMLi lAILrlAAl 1 lAULAUl 1 1 1 AUAbAAAL-AoU 1 o 1 lAIAL'L' 

CATTAATGGTTCACCTCGAACACCCAGGCGAGGTCAGAACA 

GGAGTGCACGGATAGCAAAACAACTAGAAAATGATA 


Oc,0 


lAICAII IICIAGMGM 1 IGCI AICCGIGCACTCCTGTTCTG 

ACCTCGCCTGGGTGTTCGAGGTGAACCATTAATGGGTATAAC 

AGCTGTTTCTGTAAAAGTGGTAAATTAGATAAGAAC 


526 
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:CliiiiealPNefioty|3te& 
Mutation 


Correcttng Oii^os 


MO: 




GTTCACCTCGAACACCC 


527 


GGGTGTTCGAGGTGAAC 


528 


Retinoblastoma 

Arg255Term 

CGAtoTGA 


TTTACCACI 1 1 lACAGAAACAGCTGTTATACCCATTAATGGTT 
CACCTCGAACACCCAGGCGAGGTGAGAAGAGGAGTGCACG 
GATAGCAAAACAACTAGAAAATGATACAAGAATTATTG 


529 


CAAIAAI ICI IGIAICAI 1 1 ICIAGI IGI 1 1 IGCIAICCGIGCA 
CTCCTGTTCTGACCTCGCCTGGGTGTTCGAGGTGAACCATTA 
ATGGGTATAACAGCTGTTTCTGTAAAAGTGGTAAA 


530 


CACCCAGGCGAGGTCAG 


531 


CTGACCTCGCCTGGGTG 


532 


Retinoblastoma 

Gln266Temi 

CAAtoTAA 


ATTAATGGTTCACCTCGAACACCCAGGCGAGGTCAGAACAG 
GAGTGCACGGATAGCAAAACAACTAGAAAATGATACAAGAAT 
TATTGAAGTTCTGTGTAAAGAACATGAATGTAATATAG 


coo 
000 


CTATATTACATTCATGTTCTTTACAGAGAACTTCAATAATTCTT 
GTATCAI 1 IICIAGIIGI 1 1 1 GCTATCCGTGCACTCCTGTTCT 
GACCTCGCCTGGGTGTTCGAGGTGAACCATTAAT 


534 


TAGCAAAACAACTAGAA 


535 


TTCTAGTTGI 1 IIGCIA 


536 


Retinoblastoma 

Arg320Term 

CGAtoTGA 


TGACATGTAAAGGATAATTGTCAGTGAG II 1 1 1 1 CTTTGAAGG 
TTGAAAATCTTTCTAAACGATACGAAGAAATTTATCTTAAAAAT 
AAAGATCTAGATGCAAGATTAI 1 1 1 IGGATCATG 


5o7 


CATGATCCAAAAAIAAICI IGCAICIAGAICI 1 lAI 1 1 1 lAAGA 
TAAATTTCTTCGTATCGTTTAGAAAGAI 1 1 1 CAACCTTGAAAGA 
AAAAAGTCACTGACAATTATCCTTTACATGTCA 


538 


TTTCTAAACGATACGAA 


539 


TTCGTATCGTTTAGAAA 


540 


Retinoblastoma 

Gln354Term 

CAGtoTAG 


ACAAATTGTAAAI 1 1 1 CAGTATGTGAATGACTTCACTTATTGTT 
ATTTAGI 1 1 IGAAACACAGAGAACACCACGAAAAAGTAACCTT 
GATGAAGAGGTGAATGTAATTCCTCCACACACTC 


541 


GAGTGTGTGGAGGAATTACATrCACCTCTTCATCAAGGTTAC 
TTTTTCGTGGTGTTGTCTGTGTTTCAAAACTAAATAACAATAA 
GTGAAGTCATTCACATACTGAAAATTTACAATTTGT 


542 


TTGAAACACAGAGAACA 


543 


TGTTCTCTGTGTTTCAA 


544 
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Mutation 


Correcting Oiigos ^ 


SEQfO 


Retinoblastoma 

Arg358Gly 

CGAtoGGA 


1 1 1 lUAUIAIlilUAAKjAUl lUAUl lAI lUI lAI 1 lAbl 1 1 iGA 
AACACAGAGAACACCACGAAAAAGTAACCTTGATGAAGAGGT 
GAATGTAATTCCTCCACACACTCCAGTTAGGTATG 


C Ac 

545 




CATACCTAACTGGAGTGTGTGGAGGAATTACATTCACCTCTT 
CATCAAGGTTACI 1 1 1 1 CGTGGTGTTCTCTGTGTTTCAAAACT 
AAATAACAATAAGTGAAGTCATTCACATACTGAAAA 


546 




GAACACCACGAAAAAGT 


547 




ACI 1 1 1 ICGIGGIGI IC 


548 


Retinoblastoma 

Arg358Term 

CGAtoTGA 


1 1 1 lUAblAIUlUAAIuAUl lUAUi lAI lUI lAI 1 lAUl 1 1 iGA 
AACACAGAGAACACCACGAAAAAGTAACCTTGATGAAGAGGT 
GAATGTAATTCCTCCACACACTCCAGTTAGGTATG 


549 




CATACCTAACTGGAGTGTGTGGAGGAATTACATTCACCTCTT 
CATCAAGGTTACI 1 1 1 1 CGTGGTGTTCTCTGTGTTTCAAAACT 
AAATAACAATAAGTGAAGTCATTCACATACTGAAAA 


550 




GAACACCACGAAAAAGT 


551 




ACI III ICGIGGIGI IC 


552 


Retinoblastoma 

Ser397Term 

TCAtoTAA 


CTGTTATGAACACTATCCAACAATTAATGATGAI 1 1 lAAATTCA 
GCAAGTGATCAACCTTCAGAAAATCTGATTTCCTAI 1 1 lAACG 
TAAGCCATATATGAAACATTATTTATTGTAATAT 


553 




ATATTACAATAAATAATGTTTCATATATGGCTTACGTTAAAATA 
GGAAATCAGAI 1 1 1 CTGAAGGTTGATCACTTGCTGAATTTAAA 
ATCATCATTAATTGTTGGATAGTGTTCATAACAG 


554 




TCAACCTTCAGAAAATC 


555 




GAIIIICIGAAGGIIGA 


556 


Retinoblastoma 

Arg445Term 

CGAtoTGA 


TTTCATAATTGTGAl 1 1 lUlAAAAIAuOACiUUIUI lAl I 1 1 iCT 
TTTTGTTTGTTTGTAGCGATACAAACTTGGAGTTCGCTTGTAT 
TACCGAGTAATGGAATCCATGCTTAAATCAGTAA 


557 




TTACTGATTTAAGCATGGATTCCATTACTCGGTAATACAAGCG 
AACTCCAAGTTTGTATCGCTACAAACAAACAAAAAGAAAAATA 
AGAGCCTGCTAI 1 1 1 AGAAAATCACAATTATGAAA 


558 




GTTTGTAGCGATACAAA 


559 




TTTGTATCGCTACAAAC 


560 


Retinoblastoma 

Arg455Term 

CGAtoTGA 


GCICI lAI 1 1 1 ICI 1 11 IGI 1 IGI 1 IGIAGCGAIACAAACI IGG 
AGTTCGCTTGTATTACCGAGTAATGGAATCCATGCTTAAATCA 
GTAAGTTAAAAACAATATAAAAAAATTTCAGCCG 


561 
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Mutation 


uotrecttdQ Uii0Qs 


HQ: 




CGGCTGAAAi 1 1 1 1 1 lAIAI IGII 11 1 AACTTACTGATTTAAGC 

ATGGATTCCATTACTCGGTAATACAAGCGAACTCCAAGTTTGT 

ATCGCTACfiJ^CAAACAAAAAGAAAAAJAAGAGC 


562 




TGTATTACCGAGTAATG 


563 




CATTACTCGGTAATACA 


564 


Retinoblastoma 

Arg552Term 

CGAtoTGA 


A T^^y^ AAA y^"TTT^r A AAA ^^/^ A A A A A ^> 1 1 A A A A A A 

ATCGAAAG 1 II 1 ATCAAAGCAGAAGGCAACTTGACAAGAGAA 

ATGATAAAACATTTAGAACGATGTGAACATCGAATCATGGAAT 

CCCTTGCATGGCTCTCAGTAAGTAGCTAAATAATTG 


5b5 




CAATTATTTAGCTACTTACTGAGAGCCATGCAAGGGATTCCAT 
GATTCGATGTTCACATCGTTCTAAATGI 1 1 1 ATCATTTCTCTTG 
TCAAGTTGCCTTCTGCTTTGATAAAACTTTCGAT 


566 




ATTTAGAACGATGTGAA 


567 




TTCACATCGTTCTAAAT 


568 


Retinoblastoma 

Cys553Term 

TGTtoTGA 


A A 1 1 1 1 A "T"/^ AAA /^/^ A A A t^/^/^ A A /*^T 1'/^ A ^ A A A A A A A T A 

AAGI 1 1 lATCAAAGCAGAAGGCAACTTGACAAGAGAAATGATA 
AAACATTTAGAACGATGTGAACATCGAATCATGGAATCCCTTG 
CATGGCTCTCAGTAAGTAGCTAAATAATTGAAGAA 






TTCTTCAATTATTTAGCTACTTACTGAGAGCCATGCAAGGGAT 
TCCATGATTCGATGTTCACATCGTTCTAAATGI 1 1 lATCATTTC 
TCTTGTCAAGTTGCCTTCTGCTTTGATAAAACTT 


570 




GAACGATGIGAACATCG 


571 




CGATGTTCACATCGTTC 


572 


Retinoblastoma 

Glu554Temi 

GAAtoTAA 


AGI 1 1 lATCAAAGCAGAAGGCAACTTGACAAGAGAAATGATAA 

AACATTTAGAACGATGTGAACATCGAATCATGGAATCCCTTG 

CATGGCTCTCAGTAAGTAGCTAAATAATTGAAGAAA 


573 




1 1 ICI ICAAI lAI 1 lAGCIACI 1 AC 1 GAGAGCCA 1 GCAAGGGA 
TTCCATGATTCGATGTTCACATCGTTCTAAATGI 1 1 lATCATTT 
CTCTTGTCAAGTTGCCTTCTGCTTTGATAAAACT 


574 




AACGATGTGAACATCGA 


575 




TCGATGTTCACATCGTT 


576 


Retinoblastoma 

Ser567Leu 

TCAtoTTA 


TACCTGGGAAAATTATGCTTACTAATGTGGI 1 1 lAATTTCATC 
ATGnrCATATAGGATTCACCTTTATTTGATCTTATTAAACAAT 
CAAAGGACCGAGAAGGACCAACTGATCACCTTGA 


577 




TCAAGGTGATCAGTTGGTCCTTCTCGGTCCTTTGATTGTTTAA 
TAAGATCAAATAAAGGTGAATCCTATATGAAACATGATGAAAT 
TAAAACCACATTAGTAAGCATAAI 1 1 ICCCAGGTA 


578 
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1 Cllmcal Phenot^e& 


Ck»rrecti(ig Oii9os 


SEQID 

m: 




ATAGGATTCACCTTTAT 


579 




ATAAAGGTGAATCCTAT 


580 


Retinoblastoma 

Gln575Term 

CAAtoTAA 


AATGTGG 1 1 1 1 AATTTCATCATGTTTCATATAGGATTCACCTTT 
ATTTGATCTTATTAAACAATCAAAGGACCGAGAAGGACCAACT 
GATCACCTTGAATCTGCTTGTCCTCTTAATCTTC 


581 




GAAGATTAAGAGGACAAGCAGATTCAAGGTGATCAGTTGGTC 
CTTCTCGGTCCTTTGATTGTTTAATAAGATCAAATAAAGGTGA 
ATCCTATATGAAACATGATGAAATTAAAACCACATT 


582 




TTATTAAACAATCAAAG 


583 




CTTTGATTGTTTAATAA 


584 


Retinoblastoma 

Arg579Term 

CGAtoTGA 


ATTTCATCATGTTTCATATAGGATTCACCTTTATTTGATCTTAT 
TAAACAATCAAAGGACCGAGAAGGACCAACTGATCACCTTGA 
ATCTGCTTGTCCTCTTAATCTTCCTCTCCAGAATA 


585 




TATTCTGGAGAGGAAGATTAAGAGGACAAGCAGATTCAAGGT 
GATCAGTTGGTCCTTCTCGGTCCTTTGATTGTTTAATAAGATC 
AAATAAAGGTGAATCCTATATGAAACATGATGAAAT 


586 




CAAAGGACCGAGAAGGA 


587 




TCCTTCTCGGTCCTTTG 


588 


Retinoblastoma 

Glu580Temi 

GAAtoTAA 


TCATCATGTTTCATATAGGATTCACCTTTATTTGATCTTATTAA 
ACAATCAAAGGACCGAGAAGGACCAACTGATCACCTTGAATC 
TGCTTGTCCTCTTAATCTTCCTCTCCAGAATAATC 


589 




GATTATTCTGGAGAGGAAGAnAAGAGGACAAGCAGATTCAA 
GGTGATCAGTTGGTCCTTCTCGGTCCTTTGATTGTTTAATAAG 
ATCAAATAAAGGTGAATCCTATATGAAACATGATGA 


590 




AGGACCGAGAAGGACCA 


591 




TGGTCCTTCTCGGTCCT 


592 


Retinoblastoma 

Ser634Term 

TCAtoTGA 


AGAAAAAAGGTTCAACTACGCGTGTAAATTCTACTGCAAATG 
CAGAGACACAAGCAACCTCAGCCTTCCAGACCCAGAAGCCA 
TTGAAATCTACCTCTCTTTCACTGI 1 1 lATAAAAAAGG 


593 




ceil 1 1 1 lAIAAAACAGIGAAAGAGAGGIAGAI 1 ICAAIGGCI 
TCTGGGTCTGGAAGGCTGAGGTTGCTTGTGTCTCTGCATTTG 
CAGTAGAATTTACACGCGTAGTTGAACCI 1 1 II ICT 


594 




AGCAACCTCAGCCTTCC 


595 




GGAAGGCTGAGGTTGCT 


596 
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Correctl«S Oii90S ; 


SEQtD 
NO: 


Retinoblastoma 

Ala635Pro 

GCCtoCCC 


A A A A A AonTTnA APTAPflPf^Tf^TAA ATTPTArTGnAAATRCA 
AAAAAAoo 1 1 L»AAL» 1 Muowu 1 vj 1 rtnrt I i O i n\j i V3»-»/wa i 

GAGACACAAGCAACCTCAGCCTTCCAGACCCAGAAGCCATT 
GAAATCTACCTCTCTTTCACTGTTTTATAAAAAAGGTT 


597 




AACCTTTTTTATAAAACAGTGAAAGAGAGGTAGATTTCAATGG 
CTTCTGGGTCTGGAAGGCTGAGGTTGCTTGTGTCTCTGCATT 
TGCAGTAGAATTTACACGCGTAGTTGAACCi Mill 


598 




CAACCTCAGCCTTCCAG 


599 




CTGGAAGGCTGAGGTTG 


600 


Retinoblastoma 

Gln639Temi 

CAGtoTAG 


Ar^T&prsrCTftiTAAATTPTAPTf^PAAATf^PAGAGAnAnAARCA 
ACCTCAGCCTTCCAGACCCAGAAGCCATTGAAATCTACCTCT 
CTTTCACTGI 1 1 1 ATAAAAAAGGTTAGTAGATGATTA 


601 




TAATCATCTACTAACCTTTTTTATAAAACAGTGAAAGAGAGGT 

AGATTTCAATGGCTTCTGGGTCTGGAAGGCTGAGGTTGCTTG 

TGTCTCTGCATTTGCAGTAGAATTTACACGCGTAGT 


602 




TCCAGACCCAGAAGCCA 


603 




TGGCTTCTGGGTCTGGA 


604 


Retinoblastoma 

Leu657Pro 

CTAtoCCA 


TmTAATTPAAAATnAAPARTAAAAATRAf M AAlTTrKM lAl 1 

CCCACAGTGTATCGGCTAGCCTATCTCCGGCTAAATACACTT 
TGTGAACGCCTTCTGTCTGAGCACCCAGAATTAGA 


605 




TCTAATTCTGGGTGCTCAGACAGAAGGCGTTCACAAAGTGTA 

TTTAGCCGGAGATAGGCTAGCCGATACACTGTGGGAATAAG 

AAAAAmGTCATTTrTACTGTTCATTTTGAATTACAA 


606 




GTATCGGCIAGCCTATC 


607 




GATAGGCTAGCCGATAC 


608 


Retinoblastoma 

Arg661Trp 

CGGtoTGG 


A ATr*AAPAPTAAAAAT<'iAP 1 AA 1 1 II IPI lAI 1 PPPAPAGTGTA 
AA 1 oAAUAo 1 AAAAA 1 oAo 1 AA 1 1 1 M 1 1 A I I L«UVjrtortO I o I rt 

TCGGCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGCCT 
TCTGTCTGAGCACCCAGAATTAGAACATATCATCT 


609 




AGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGGCGTT 
CACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATACACTG 
TGGGAATAAGAAAAATTAGTCAI 1 1 1 lACTGTTCATT 


610 




CCTATCTCCGGCTAAAT 


01 1 




ATTTAGCCGGAGATAGG 


612 


Retinoblastoma 

Leu662Pro 

CTAtoCCA 


AACAGTAAAAATGACTAATTTTTCTTATiCCCACAGTGTATCG 
GCTAGCCTATCTCCGGCTAAATACACTTTGTGAACGCCTTCT 
GTCTGAGCACCCAGAATTAGAACATATCATCTGGAC 


613 
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SEOtD 
NO: 




GTCCAGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGG 
CGTTCACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATAC 
ACTGTGGGAATAAGAAAAATTAGTCAI 1 1 1 lACTGTT 


614 




TCTCCGGCIAAATACAC 


615 




GTGTATTTAGCCGGAGA 


616 


Retinoblastoma 

Glu675Term 

GAAtoTAA 


TATCGGUTAoUO 1 A 1 U 1 UUvauu 1 AAA 1 AUAU M 1 o 1 oAMUOV-- 
CTTCTGTCTGAGCACCCAGAATTAGAACATATCATCTGGACC 
CTTTTCCAGCACACCCTGCAGAATGAGTATGAACTCA 


617 




TGAGTTCATACTCATTCTGCAGGGTGTGCTGGAAAAGGGTCC 
AGATGATATGTTCTAATTCTGGGTGCTCAGACAGAAGGCGTT 
CACAAAGTGTATTTAGCCGGAGATAGGCTAGCCGATA 


618 




AGCACCCAGAATTAGAA 


619 




TTCTAATTCTGGGTGCT 


620 


Retnoblastoma 

Gln685Pro 

CAGtoCCG 


I 1 1 nTn A A r^nr^r^TTOTPTPTf^ AfiP APPP A{^A ATTAf^A ACATA 

II 1 1 oAAUoUw 1 i i O i U 1 v^MO\^ML/VyV^r\OrV\ 1 i r\\Jr\r\\^r\ i r\ 

TCATCTGGACCCTTTTCCAGCACACCCTGCAGAATGAGTATG 
AACTCATGAGAGACAGGCATTTGGACCAAGTAAGAAA 


621 




TTTCTTACTTGGTCCAAATGCCTGTCTCTCATGAGTTCATACT 
CATTCTGCAGGGTGTGCTGGAAAAGGGTCCAGATGATATGTT 
CTAATTCTGGGTGCTCAGACAGAAGGCGTTCACAAA 


coo 

622 




CCl 1 1 ICCAGCACACCC 


623 




GGGTGTGCIGGAAAAGG 


624 


Retinoblastoma 

Cys706Tyr 

TGTtoTAT 


A A A Ar^OATOTA ATA AAATTPTrJAr'TAPTTTTAf "A I (""AA I Tl A 1 1 
AAAAUoA 1 V3 1 AA 1 AAAA 1 1 L» 1 ortO 1 rtv^ 1 i I I rtOA\ i \ynn. i i i rv i i 

TACTAGATTATGATGTGTTCCATGTATGGCATATGCAAAGTGA 
AGAATATAGACCTTAAATTCAAAATCATTGTAAC 


625 




GTTACAATGATTTTGAATTTAAGGTCTATATTCI lUAUl 1 lUUA 
TATGCCATACATGGAACACATCATAATCTAGTAAATAAATTGA 
TGTAAAAGTAGTCAGAATTTTAnACAIGGI 1 1 1 


626 




TATGATGTGTTCCATGT 


627 




ACATGGAACACATCATA 


628 


KcunODlaSlOmd 

Cys712Arg 
TGCtoCGC 


TTrTRACTACTTTTACATCAATTTAnTACTAGATTATGATGTG 
TTCCATGTATGGCATATGCAAAGTGAAGAATATAGACCTTAAA 
nCAAAATCATTGTAACAGCATACAAGGATCTTC 


629 




GAAGATCCTTGTATGCTGTTACAATGAll IIGAAI 1 lAAGGTC 
TATATTCTTCACTTTGCATATGCCATACATGGAACACATCATA 
ATCTAGTAAATAAATTGATGTAAAAGTAGTCAGAA 


630 
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5 





Correcting Oii^os 


MQ: 




ATGGCATATGCAAAGTG 


631 




CACTTTGCATATGCCAT 


632 


Retinoblastoma 

Tyr728Term 

TACtoTAA 


r^-r Pi-rr^r^n ATATnnh A A/^xri A A A AT ATAf^ APPTTAAATTCAAA 
oTA 1 ovjOA I A 1 oLfAAAo 1 vjMMoMM I M i MOMwv^ i i nr^t\ i i orw-v 

ATCATTGTAACAGCATACAAGGATCTTCCTCATGCTGTTCAG 
GAGGTAGGTAATTTTCCATAUIAAlil II 1 1 1 iGATA 


633 




TATCAAAAAAACTTACTATGGAAAATTACCTACCTCCTGAACA 
GCATGAGGAAGATCCTTGTATGCTGTTACAATGAI 1 1 IGAATT 
TAAGGTCTATATTCnCACTTTGCATATGCCATAC 


634 


ACAGCATACAAGGATCT 


635 


AGATCCTTGTATGCTGT 


636 


Retinoblastoma 
Glu748Term 
GAG to TAG 


1 1 1 1 M 1 1 1 1 t 1 1 1 1 APTf^TmTrrTrAf^AnATTCAAACGTGT 

TTTGATCAAAGAAGAGGAGTATGATTCTATTATAGTATTCTATA 

ACTCGGTCTTCATGCAGAGACTGAAAACAAATA 


637 


TATTTGTTTTCAGTCTCTGCATGAAGACCGAGTTATAGAATAC 

TATAATAGAATCATACTCCTCTTCTTTGATCAAAACACGTTTGA 

ATGTCTGAGGAAGAACAGTAAAAAAAAAAAAAAA 


638 


AAGAAGAGGAGTATGAT 


639 


ATCATACTCCTCTTCTT 


640 


Retinoblastoma 

Gln762Term 

CAGtoTAG 


r^TTTTr^ Am A A Ar^A AnAi^r^AnTATri ATTPTATTATAttTATTCT 
ATAACTCGGTCTTCATGCAGAGACTGAAAACAAATAI 1 1 IGCA 
GTATGCTTCCACCAGGGTAGGTCAAAAGTATCCTT 


641 


AAGGATACTTTTGACCTACCCTGGTGGAAGCATACTGCAAAA 
TATTTGTTTTCAGTCTCTGCATGAAGACCGAGTTATAGAATAC 
TATAATAGAATCATACTCCTCTTCTTTGATCAAAAC 


642 


TCTTCATGCAGAGACTG 


643 


CAGTCTCTGCATGAAGA 


644 


Retinoblastoma 

Arg787Term 

CGA-TGA 


T A ATf^T A m u 1 M p 1 1 1 1 1 riPTrTAf^rrrrPTApmrGTCAC 

CAATACCTCACATTCCTCGAAGCCCTTACAAGTTTCCTAGTTC 

ACCCTTACGGATTCCTGGAGGGAACATCTATATTT 


645 


AAATATAGATGTTCCCTCCAGGAATCCGTAAGGGTGAACTAG 

GAAACTTGTAAGGGGTTCGAGGAATGTGAGGTATTGGTGACA 

AGGTAGGGGGCTAGAGCAAAAACAAAAAAGTAGATTA 




ACATTCCTCGAAGCCCT 


647 


AGGGCTTCGAGGAATGT 


648 
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1 pimlcai Fheno^e St 
Mutation 


Correcting Ofigos 


SEUtD 
MO: 


Retinoblastoma 

Ser816Term 

TCAtoTGA 


CCTTACGoA 1 I L>L> 1 boAoooAAUA 1 U 1 A l A i I I ua^v^uu i 
AGAGTCCATATAAAATTTCAGAAGGTCTGCCAACACCAACAA 
AAATGACTCCAAGATCAAGGTGTGTGI 1 1 ICTCTTTA 






TAAAGAGAAAACACACACCTTGATCTTGGAGTCAl 1 1 1 iGTTG 
GTGTTGGCAGACCTTCTGAAAI 1 1 lATATGGACTCTTCAGGG 
GTGAAATATAGATGTTCCCTCCAGGAATCCGTAAGG 


650 




TAAAATTTCAGAAGGTC 


651 




GACCTTCTGAAATTTTA 


652 



EXAMPLE 8 

BRCA1 and BRCA2 

n{ Breast cancer is the second major cause of cancer deatli in American women, with an 

estimated 44,1 90 lives lost (290 men and 43,900 women) in the US In 1 997. While ovarian cancer 
accounts for fewer deaths than breast cancer, it still represents 4% of all female cancers, in 1 994, two 
S breast cancer susceptibility genes were identified: BRCA1 on chromosome 17 and BRCA2 on 

I'l 0 chromosome 1 3. When a woman carries a mutation in either BRCA1 or BRCA2, she is at increased risk 
O of being diagnosed with breast or ovarian cancer at some point in her life. 

Ford et a/.. Am. J. Hum. Genet. 62: 676-689 (1 998) assessed the contribution of BRCA1 
and BRCA2 to inherited breast cancer by linkage and mutation analysis in 237 families, each with at least 
4 cases of breast cancer. Families were included without regard to the occurrence of ovarian or other 
1 5 cancers. Overall, disease was linked to BRCA1 in an estimated 52% of families, to BRCA2 in 32% of 
families, and to neither gene in 16%, suggesting other predisposition genes. The majority (81%) of the 
breast-ovarian cancer families were due to BRCA1 , with most others (14%) due to BRCA2. Conversely, 
the majority (76%) of families with both male and female breast cancer were due to 
BRCA2. The largest proportion (67%) of families due to other genes were families with 4 or 5 cases of 
20 female breast cancer only. 

More than 75% of the reported mutations in the BRCA1 gene result in truncated proteins. 
Couch etai, Hum. Mutat. 8: 8-18, 1996. (1996) reported a total of 254 BRCA1 mutations, 132 (52%) of 
which were unique. A total of 221 (87%) of all mutations or 1 07 (81 %) of the unique mutations are small 
deletions, insertions, nonsense point mutations, splice variants, and regulatory mutations that result in 
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truncation or absence of the BRCA1 protein. A total of 1 1 disease-associated missense mutations (5 
unique) and 21 variants (19 unique) as yet unclassified as missense mutations or polymorphisms had 
been detected. Thirty-five independent benign polymorphisms had been described. The most common 
mutations were 1 85delAG and 5382insC, which accounted for 30 (1 1 .7%) and 26 (1 0.1 %), respectively, 
of all the mutations. 

Most BRCA2 mutations are predicted to result in a truncated protein product The 
smallest known cancer-associated deletion removes from the C terminus only 224 of the 3,418 residues 
constituting BRCA2, suggesting that these terminal amino acids are critical for BRCA2 function. Studies 
(Spain ef a/., Proc. Natl. Acad. Sci. 96:13920-13925 (1999)) suggest that such truncations eliminate or 
interfere with 2 nuclear localization signals that reside within the final 156 residues of BRCA2, suggesting 
that the vast majority of BRCA2 mutants are nonfunctional because they are not translocated into the 
nucleus. 

The attached table discloses the correcting oligonucleotide base sequences for the 
BRACA1 and BRACA2 oligonucleotides of the invention. 



Table 14 

BRCA1 Mutations and Genome-Correcting Oligos 



Mutation 


Correcttug Oligos 


SEQIO 
KO; 


Breast Cancer 

Met-1-lle 

ATGtoATT 


CTGCGCTCAGGAGGCCTTCACCCTCTGCTCTGGGTAAAGTT 
CATTGGAACAGAAAGAAATGGATTTATCTGCTCTTCGCGTTG 
AAGAAGTACAAAATGTCATTAATGCTATGCAGAAAATC 


653 


GATTTTCTGCATAGCATTAATGACATTTTGTACTTCTTCAACG 
CGAAGAGCAGATAAATCCATTTCTTTCTGTTCCAATGAACTTT 
ACCCAGAGCAGAGGGTGAAGGCCTCCTGAGCGCAG 


654 


AAAGAAATGGATTTATC 


655 


GATAAATCCATTTCTTT 


656 


Breast Cancer 

Val-11-Ala 

GTAtoGCA 


CTGGGTAAAGTTCATTGGAACAGAAAGAAATGGATTTATCTG 

CTCTTCGCGTTGAAGAAGTACAAAATGTCATTAATGCTATGCA 

GAAAATCTTAGAGTGTCCCATCTGTCTGGAGTTGAT 


657 


ATCAACTCCAGACAGATGGGACACTCTAAGATTTTCTGCATA 
GCATTAATGACATTTTGTACTTCTTCAACGCGAAGAGCAGATA 
AATCCATTTCT. ToTGTTCCAATGAACTTTACCCAG 


658 


TGAAGAAGTACAAAATG 


659 
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Mutatfon 


Correetirtd Ofioos 


SEOtD 
NO: 




CAI 1 1 IGIACI ICTTCA 


660 


Breast Cancer 

lle-21-Val 

ATCtoGTC 


TTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGG 
AGTTGATCAAGGAACCTGTCTCCACAAAGTGTGACC 


661 


GGTCACACTTTGTGGAGACAGGTTCCTTGATCAACTCCAGAC 
AGATGGGACACTCTAAGAII 1 1 CTGCATAGCATTAATGACAn 
TTGTACTTCTTCAACGCGAAGAGCAGATAAATCCAT 


662 


TGCAGAAAATCTTAGAG 


663 


CTCTAAGATI 1 ICIGCA 


664 


Breast Cancer 

Leu-22-Ser 

TTAtoTCA 


ATTTATr'Tf5rTrTTrf^rRTTRAAGAAGTACAAAATGTCATTAA 
TGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGGAGTT 
GATCAAGGAACCTGTCTCCACAAAGTGTGACCACAT 


665 



ATGTGGTCACACTTTGTGGAGACAGGTTCCnGATCAACTCC 
AGACAGATGGGACACTCTAAGAI 1 1 1 CTGCATAGCATTAATG 
ACATTTTGTACnCTTCAACGCGAAGAGCAGATAAAT 


666 


GAAAATCTTAGAGTGTC 


667 


GACACTCTAAGATiTTC 


668 


Breast Cancer 

Cys-39-Tyr 

TGTtoTAT 


A A A ATPTT AO Anxr^Trrr ATCTf^TrTnC^ At^TTGATCAAGG 
AACCTGTCTCCACAAAGTGTGACCACATATnTGCAAAl 1 1 IG 
CATGCTGAAACTTCTCAACCAGAAGAAAGGGCCTTC 


669 


GAAGGCCCTTTCTTCTGGTTGAGAAGTTTCAGCATGCAAAAT 
TTGCAAAATATGTGGTCACACTTTGTGGAGACAGGTTCCTTG 
ATCAACTCCAGACAGATGGGACACTCTAAGAI 1 1 ICT 


670 


CACAAAGTGTGACCACA 


671 


IGIGGICACACIIIGIG 


672 


Breast Cancer 

Cys-61-Gly 

TGTtoGGT 


rAPATATTTTrjPAAATTTTnrATGrTGAAACTTCTCAACCAGA 

AGAAAGGGCCTTCACAGIGTCCTTTATGTAAGAATGATATAAC 

CAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTC 


673 


GACTAAATCTCGTACTTTCTTGTAGGCTCCI 1 1 IGGTTATATC 
ATTCTTACATAAAGGACACTGTGAAGGCCCTTTCTTCTGGTT 
GAGAAGTTTCAGCATGCAAAATTTGCAAAATATGTG 


674 


CTTCACAGIGTCCTTTA 


675 


TAAAGGACACTGTGAAG 


676 
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; Clinical Pbenolype& 
Mutation 


Correcting Oii^os 


SEaiD 
NO: 


Breast Cancer 

Leu-63-Stop 

TTAtoTAA 


T-rror^ A A ATTTTr^PATrtSPTnA A APTTPTPAArPARAAGAAAGG 
GCCTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGG 
AGCCTACAAGAAAGTACGAGATTTAGTCAACTTGT 


677 




ACAAGTTGACTAAATCTCGTACTTTCTTGTAGGCTCCTTTTGG 
TTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTTCTT 
CTGGTTGAGAAGTrTCAGCATGCAAAATTTGCAAA 


678 




GTGTCCTTTATGTAAGA 


679 




TCTTACATAAAGGACAC 


680 


Breast Cancer 

Cys-64-Arg 

TGTtoCGT 


T/^r^A A ATTTTr^/^ATr^r^T/^A A Ar^TT^TPA APPA/^AAnAAAr^f^r^ 
I oL/AAA 1 1 1 1 ouA i vjLr 1 oAAAU t i U i UMMUoMoMMoMMMooo 

CCTTCACAGTGTCCTTTAIGTAAGAATGATATAACCAAAAGGA 

GCCTACAAGAAAGTACGAGA 1 1 1 AGTCAAUT 1 b 1 1 b 


681 


Breast Cancer 

Cys-64-Gly 

TGTtoGGT 


rAArAAmTnArTAAATnTnGTACTTTCTTGTAGGCTCCi 1 1 1 

GGTTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTTC 

TTCTGGTTGAGAAGTTTCAGCATGCAAAATTTGCA 


682 


GTCCTTTATGTAAGAAT 


683 




ATTCTTACATAAAGGAC 


684 


Breast Cancer 

Cys-64-Tyr 

TGTtoTAT 


r^r^h. A A 1 1 1 t /^OAT/^r'Tr'A A APTTPTPA APPAf^AAr^AAAf^r^riP 
bOAAA 1 1 1 1 bUA 1 bO 1 bAAAU i 1 U i uAAUUMoMMoMAMoooo 

CTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGGAG 
CCTACAAGAAAGTACGAGATiTAGTCAACTTGTTGA 


685 




TCAACAAGTTGACTAAATCTCGTACTTTCTrGTAGGCTCCTTT 
TGGTTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTT 
CTTCTGGTTGAGAAGTTTCAGCATGCAAAATTTGC 


686 




TCCTTTATGTAAGAATG 


687 




CATTCTTACATAAAGGA 


688 


Breast Cancer 

Gln-74-Stop 

CAAtoTAA 


r^A/^AAr^AA Ar^O/^PPTTPAPAr^TriTPPTTTATr^TAAnAATnAT 
UAbAAbAAAbbbL/U 1 1 uAUAU 1 o i KA^ 1 1 1 M 1 o I MrtUMM i on i 

ATAACCAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTCAA 
CTTGTTGAAGAGCTATTGAAAATCATTTGTGCI MIC 


689 




GAAAAGCACAAATGAI 1 1 1 CAATAGCTCTTCAACAAGTTGACT 
AAATCTCGTACTTTCTTGTAGGCTCCI 1 1 1 GGTTATATCATTCT 
TACATAAAGGACACTGTGAAGGCCCTTTCTTCTG 


690 




GGAGCCTACAAGAAAGT 


691 




ACTTTCTTGTAGGCTCC 


692 
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Mutation 


Correcting OSsos 




Breast Cancer 

Tyr-105-Cys 

TATtoTGT 


AGCTATTGAAAATCATTTGTGCTTTTCAGCTTGACACAGGTTT 
GGAGTATGCAAACAGCTATAAI 1 1 1 GCAAAAAAGGAAAATAAC 
TCTCCTGAACATCTAAAAGATGAAGTTTCTATCAT 


693 




AIGAIAGAAACI ICAICI 1 1 lAGAIGI ICAGGAGAGI lAI 1 1 1 
CCI 1 1 1 1 IGCAAAATTATAGCTGTTTGCATACTCCAAACCTGT 
GTCAAGCTGAAAAGCACAAATGAI 1 1 ICAATAGCT 


694 




AAACAGCIAIAAI II IG 


695 




CAAAATTATAGCTGTTT 


696 


Breast Cancer 

Asn-158-Tyr 

AACtoTAC 


CTACAGAGTGAACCCGAAAATCCTTCCTTGCAGGAAACCAGT 
CTCAGTGTCCAACTCTCTAACCTTGGAACTGTGAGAACTCTG 
AGGACAAAGCAGCGGATACAACCTCAAAAGACGTCTG 


697 




CAGACGICI 1 1 IGAGGI IGI AlCCGCIGCI 1 IGICCICAGAG 
TTCTCACAGTTCCAAGGTTAGAGAGTTGGACACTGAGACTGG 
TTTCCTGCAAGGAAGGAI 1 1 1 CGGGTTCACTCTGTAG 


698 




AACTCTCTAACCTTGGA 


699 




TCCAAGGTTAGAGAGTT 


700 


Breast Cancer 

Gln-169-Stop 

CAGtoTAG 


GAAACCAGTCTCAGTGTCCAACTCTCTAACCTTGGAACTGTG 

AGAACTCTGAGGACAAAGCAGCGGATACAACCTCAAAAGAC 

GTCTGTCTACATTGAATTGGGATCTGATTCTTCTGAAG 


701 




CTTCAGAAGAATCAGATCCCAATTCAATGTAGACAGACGTCTT 

TTGAGGTTGTATCCGCTGCTTTGTCCTCAGAGTTCTCACAGT 

TCCAAGGTTAGAGAGnGGACACTGAGACTGGTTTC 


702 




GGACAAAGCAGCGGATA 


703 




TATCCGCTGCTTTGTCC 


704 


Breast Cancer 

Trp-353-Stop 

TGGtoTAG 


CTCCCAGCACAGAAAAAAAGGTAGATCTGAATGCTGATCCCC 
TGTGTGAGAGAAAAGAATGGAATAAGCAGAAACTGCCATGCT 
CAGAGAATCCTAGAGATACTGAAGATGTTCCTTGGAT 


705 




ATCCAAGGAACATCTTCAGTATCTCTAGGATTCTCTGAGCAT 
GGCAGTTTCTGCTTATTCCATTCI 1 1 1 CTCTCACACAGGGGAT 
CAGCATTCAGATCTACCI 1 II II 1 CTGTGCTGGGAG 


706 




AAAAGAATGGAATAAGC 


707 




GCI lAI ICCAI ICI 1 1 1 


708 


Breast Cancer 

lle-379-Met 

ATTtoATG 


ATGCTCAGAGAATCCTAGAGATACTGAAGATGTTCCTTGGAT 
AACACTAAATAGCAGCATTCAGAAAGTTAATGAGTGGI 1 1 ICC 
AGAAGTGATGAACTGTTAGGTTCTGATGACTCACAT 


709 
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: 1 CUnicai Phenol^e & 
Mutation 


Correcting OliQOS ^ 


HQ: 




ATGTGAGTCATCAGAACCTAACAGTTCATCACTTCTGGAAAAC 

CACTCATTAACTTTCTGAATGCTGCTATTTAGTGTTATCCAAG 

GAACATCTTCAGTATCTCTAGGATTCTCTGAGCAT 


710 


AGCAGCATTCAGAAAGT 


711 


ACTTTCTGAATGCTGCT 


712 


Breast Cancer 

Glu-421-Gly 

GAAtoGGA 


GGGAGTCTGAATCAAATGCCAAAGTAGCTGATGTAHGGACG 
TTCTAAATGAGGTAGATGAATATTCTGGTTCTTCAGAGAAAAT 
AGACTTACTGGCCAGTGATCCTCATGAGGCTTTAAT 


713 


ATTAAAGCCTCATGAGGATCACTGGCCAGTAAGTCTAI 1 1 ICI 
CTGAAGAACCAGAATATTCATCTACCTCATTTAGAACGTCCAA 
TACATCAGCTACTTTGGCATTTGATTCAGACTCCC 


714 


GGTAGATGAATATTCTG 


715 


CAGAATATTCATCTACC 


716 


Breast Cancer 

Phe-461-Leu 

TTTtoCTT 


ATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTA 

ATATTGAAGACAAAATATTTGGGAAAACCTATCGGAAGAAGG 

CAAGCCTCCCCAACTTAAGCCATGTAACTGAAAATC 


717 


GA 1 1 1 1 CAG 1 1 ACA 1 GGC 1 1 AAG 1 1 GGGGAGGC i 1 GCC I I CT 
TCCGATAGGI 1 1 ICCCAAAIAI 1 1 1 GTCTTCAATATTACTCTCT 
ACTGAI 1 IGGAGIGAACICI 1 ICACI 1 1 lACATAT 


718 


ACAAAATATTTGGGAAA 


719 


1 1 ICCCAAAIAI 1 1 IGI 


720 


Breast Cancer 
Tyr-465-Leu 
TAT to GAT 


GAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTGAAGAC 

AAAATATTTGGGAAAACCIATCGGAAGAAGGCAAGCCTCCCC 

AACTTAAGCCATGTAACTGAAAATCTAATTATAGGAG 


721 


CICCIAIAAI lAGAI 1 1 ICAGI lACAIGGCI lAAGI IGGGGAG 
GCTTGCCTTCTTCCGATAGGI 1 1 ICCCAAAIAI 1 1 IGTCTTCA 
ATATTACTCTCTACTGATTTGGAGTGAACTCTTTC 


722 


GGAAAACCIATCGGAAG 


723 


CI ICCGAIAGGI 1 1 ICC 


724 


Breast Cancer 

Gly-484-Stop 

GGAtoTGA 


ACCTATCGGAAGAAGGCAAGCCTCCCCAACTTAAGCCATGTA 
ACTGAAAATCTAAnATAGGAGCATTTGTTACTGAGCCACAGA 
TAATACAAGAGCGTCCCCTCACAAATAAATTAAAGC 


725 


GCTTTAATTTATTTGTGAGGGGACGCTCTTGTATTATCTGTGG 
CTCAGTAACAAATGCTCCTATAATTAGAI 1 1 ICAGTTACATGG 
CTTAAGTTGGGGAGGCTTGCCTTCTTCCGATAGGT 


726 
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\ Clinical Pt)eRotj^e& 
Matatioii 


Correcting Oligos 


SEQID 
NO: 




TAATTATAGGAGCATTT 


727 




AAATGCTCCTATAATTA 


728 


Breast Cancer 

Arg-507-lle 

AGAtoATA 


TTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAAATA 
AATTAAAGCGTAAAAGGAGACCTACATCAGGCCTTCATCCTG 
AGGAI 1 1 lATCAAGAAAGCAGATTTGGCAGTTCAAAA 


729 




1 1 1 IGAACIGCCAAATCTGCTITCTTGATAAAATCCTCAGGAT 
GAAGGCCTGATGTAGGTCTCCI 1 1 1 ACGCTTTAATTTATTTGT 
GAGGGGACGCTCTTGTATTATCTGTGGCTCAGTAA 


730 




TAAAAGGAGACCTACAT 


731 




AIGIAGGICICCI 1 1 lA 


732 


Breast Cancer 

Ser-510-Stop 

TCAtoTGA 


CACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAGC 
GTAAAAGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTA 
TCAAGAAAGCAGATTTGGCAGTTCAAAAGACTCCTGA 


733 




TCAGGAGTCTTTTGAACTGCCAAATCTGCTTTCTTGATAAAAT 
CCTCAGGATGAAGGCCTGATGTAGGTCTCCI 1 1 lACGCTTTA 
AnTATTTGTGAGGGGACGCTCTTGTATTATCTGTG 


734 




ACCTACATCAGGCCTTC 


735 




GAAGGCCTGATGTAGGT 


736 


Breast Cancer 

Gln-526-Stop 

CAAtoTAA 


AGGAGACCTACATCAGGCCTTCATCCTGAGGAI 1 1 lATCAAG 

AAAGCAGATTTGGCAGTTCAAAAGACTCCTGAAATGATAAATC 

AGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGA 


737 




TCACTTGACCATTCTGCTCCGTTTGGTTAGTTCCCTGATTTAT 
CATTTCAGGAGTCI 1 1 1 GAACTGCCAAATCTGCTTTCTTGATA 
AAATCCTCAGGATGAAGGCCTGATGTAGGTCTCCT 


738 




TGGCAGTTCAAAAGACT 


739 




AGICI 1 1 IGAACiGCCA 


740 


Breast Cancer 

Gln-541-Stop 

CAGtoTAG 


AGGAGACCTACATCAGGCCTTCATCCTGAGGAI 1 1 lATCAAG 

AAAGCAGATTTGGCAGTTCAAAAGACTCCTGAAATGATAAATC 

AGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGA 


741 




TCACTTGACCATTCTGCTCCGTTTGGTTAGTTCCCTGATrTAT 
CATTTCAGGAGTCI 1 1 1 GAACTGCCAAATCTGCTTTCTTGATA 
AAATCCJCAGGATGAAGGCCTGATGTAGGTCTCCT 


742 




AAACGGAGCAGAATGGT 


743 




ACCATTCTGCTCCGTTT 


744 



03/27/01 08:32 pm 
03132.001 — [NY]727604.1 



-90- 





1 Cimieal Phenoi^e^ 
Mutton 


Correcting Oligos 


SEaiD 
HQ: 




DrSdSt uancsr 

Gly-552-Val 

GGTtoGTT 


TT AAA A ^/^/^ A A A A AAA ^/^/^ A A ^ A a t'/^/^t^^ a a * 

TAAATCAGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGA 
TGAATATTACTAATAGTGGTCATGAGAATAAAACAAAAGGTGA 
TTCTATTCAGAATGAGAAAAATCCTAACCCAATAGA 


745 






TCTATTGGGTTAGGATTTTTCTCATTCTGAATAGAATCACCTTT 
TGI 1 1 lATTCTCATGACCACTATTAGTAATATTCATCACTTGAC 
CATTCTGCTCCGTTTGGTTAGTTCGCTGATTTA 


746 






TAATAGTGGTCATGAGA 


747 






TCTCATGACCACTATTA 


748 


5 


breast uancer 

Gln-563-Stop 

CAGtoTAG 


GGTCAAGTGATGAATATTACTAATAGTGGTCATGAGAATAAAA 
CAAAAGGTGATTCTATTCAGAATGAGAAAAATCCTAACCCAAT 
AGAATCACTCGAAAAAGAATCTGCTTTCAAAACGA 


749 


CO 




TCGTTTTGAAAGCAGAI 1 CI 1 1 1 ICGAGIGAI ICIAI IGGGTT 
AGGATmTCTCATTCTGAATAGAAICACCI 11 IGI II lATTCT 
CATGACCACTATTAGTAATATTCATCACTTGACC 


750 






ATTCTATTCAGAATGAG 


751 






CTCATTCTGAATAGAAT 


752 




uvarian uancer 

Lys-607-Stop 

AAAtoTAA 


ATA A A /^f^ A /^T* AT A A /^/^ A A "T A T/^^N A A />T"^/^ A A i i a a a -t- a 

A 1 AAGCAGCAGTATAAGCAATATGGAACTCGAATTAAATATCC 
ACAATTCAAAAGCACCTAAAAAGAATAGGCTGAGGAGGAAGT 
CTTCTACCAGGCATATTCATGCGCTTGAACTAGTAG 


753 


K 




CTACTAGTTCAAGCGCATGAATATGCCTGGTAGAAGACTTCC 
TCCTCAGCCTATTCTTI MAGGIGCII 1 1 GAATTGTGGATATT 
TAATTCGAGTTCCATATTGCTTATACTGCTGCTTAT 


754 






AAGCACCTAAAAAGAAT 


755 






AIICI 1 1 ITAGGIGCTT 


756 




DicdoL odnc6r 

Leu-639-Stop 
TTGtoTAG 


ATA 1 { AT/^^/^/^TTO A A /^T A /^T A /^T/^ A /^T" A A A A ~rr\^ a a /^^^^ 

A 1 A 1 1 CA 1 GCGCTTGAACTAGTAGTCAGTAG AAATCTAAGCCC 

ACCTAATTGTACTGAATTGCAAATTGATAGTTGTTCTAGCAGT 

GAAGAGATAAAGAAAAAAAAGTACAACCAAATGCC 


757 






GGCAI 1 IGGI IGIACI 1 1 1 1 1 1 ICII lAICICI ICACIGCTAGA 
ACAACTATCAATTTGCAATTCAGTACAATTAGGTGGGCTTAGA 
TTTCTACTGACTACTAGTTCAAGCGCATGAATAT 


758 






TACTGAATTGCAAATTG 


759 






CAATTTGCAATTCAGTA 


760 


15 


Breast Cancer 

Asp-693-Asn 

GACtoAAC 


GAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGAA 
CAGACAAGTAAAAGACATGACAGCGATACTTTCCCAGAGCTG 
AAGTTAACAAATGCACCTGGTTCI 1 1 lACTAAGTGTT 


761 
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Mutation 


uOtTeCIiiig 


sea ID 

MO: 




AACACTTAGTAAAAGAACCAGGTGCATTTGTTAACTTCAGCTC 
TGGGAAAGTATCGCTGTCATGTCI 1 1 1 ACTTGTCTGTTCATTT 
GGCTTGTTACTCTTCTTGGCTCCAGTTGCAGGTTC 


762 




AAAGACATGACAGCGAT 


763 




ATCGCTGTCATGTCTTT 


764 


Ovarian Cancer 

Glu-720-Stop 

GAAtoTAA 


CTGAAGTTAACAAATGCACCTGGTTC 1 1 1 1 ACTAAGTGTTCAA 
ATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAG 
AGAAGAAAAAGAAGAGAAACTAGAAACAGTTAAAG 


765 




CI i lAACIGI l ICIAGI I rCiCI ICI 1 1 1 ICI ICICI IGGAAGG 
CTAGGATTGACAAATTCTTTAAGTTCACTGGTATTTGAACACT 
TAGTAAAAGAACCAGGTGCATTTGTTAACTTCAG 


766 




AACTTAAAGAATTTGTC 


767 




GACAAATTCTTTAAGTT 


768 


Breast Cancer 

Glu-755-Stop 

GAAtoTAA 


r^T A OA A A A on — r a a a OTOT/^T* a ATA AHTO/^T/^ A A A /^/^/^O AAA 

CTAGAAACAGTTAAAGTGTCTAATAATGCTGAAGACCCCAAA 
GATCTCATGTTAAGTGGAGAAAGGGI 1 1 1 GCAAACTGAAAGA 
TCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTA 


769 




TACCAGGTACCAATGAAATACTGCTACTCTCTACAGATCTTTC 
AGTTTGCAAAACCCTTTCTCCACTTAACATGAGATCTTTGGGG 
TCTTCAGCAnATTAGACACTTTAACTGTTTCTAG 


770 




TAAGTGGAGAAAGGGTT 


771 




AACCCTTTCTCCACTTA 


772 


Breast Cancer 

Ser-770-Stop 

TCAtoTAA 


TCATGTTAAGTGGAGAAAGGG INI GCAAACTGAAAGATCTG 
TAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATG 
GCACTCAGGAAAGTATCTCGTTACTGGAAGTTAGCAC 


773 




GTGCTAACTTCCAGTAACGAGATACTTTCCTGAGTGCCATAA 
TCAGTACCAGGTACCAATGAAATACTGCTACTCTCTACAGAT 
CTTTCAGTTTGCAAAACCCTTTCTCCACTTAACATGA 


774 




CAGTATTTCATTGGTAC 


775 




GTACCAATGAAATACTG 


776 


Breast Cancer 

Val-772-Ala 

GTAtoGCA 


TAAGTGGAGAAAGGG 1 1 1 1 GCAAACTGAAAGATCTGTAGAGA 
GTAGCAGTATTTCATTGGIACCTGGTACTGATTATGGCACTC 
AGGAAAGTATCTCGTTACTGGAAGTTAGCACTCTAGG 


777 




CCTAGAGTGCTAACTTCCAGTAACGAGATACTTTCCTGAGTG 
CCATAATCAGTACCAGGTACCAATGAAATACTGCTACTCTCTA 
CAGATCTTTCAGI 1 1 GCAAAACCCTTTCTCCACTTA 


Vr8 
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|CliniGaiPlienolype& 
Mutation 


Correcting Oiigos 


SEQIP 

m: 




TTCATTGGIACCTGGTA 


779 


TACCAGGTACCAATGAA 


780 


Breast Cancer 

Gin-780-Stop 

CAGtoTAG 


ACTGAAAGATCTGTAGAGAGTAGCAGTATTTCATTGGTACCT 
GGTACTGATTATGGCACTCAGGAAAGTATCTCGTTACTGGAA 
GTTAGCACTCTAGGGAAGGCAAAAACAGAACCAAATA 


781 


lAI 1 IGGI ICIGI 1 1 1 IGCCI ICCCIAGAGIGCIAACI ICCAG 
TAACGAGATACTTTCCTGAGTGCCATAATCAGTACCAGGTAC 
CAATGAAATACTGCTACTCTCTACAGATCTTTCAGT 


782 


ATGGCACTCAGGAAAGT 


783 


ACTTTCCTGAGTGCCAT 


784 


Breast Cancer 

Glu-797-Stop 

GAAtoTAA 


TATGGCACTCAGGAAAGTATCTCGTTACTGGAAGTTAGCACT 
CTAGGGAAGGCAAAAACAGAACCAAATAAATGTGTGAGTCAG 
TGTGCAGCATTTGAAAACCCCAAGGGACTAATTCATG 


785 


CAIGAAI lAGICCCI IGGGGI 1 1 ICAAAIGCIGCACACIGAC 
TCACACATrTATTTGGTTCTGI 1 1 1 IGCCTTCCCTAGAGTGCT 
AACTTCCAGTAACGAGATACTTTCCTGAGTGCCATA 


786 


CAAAAACAGAACCAAAT 


787 


Al 1 IGGI ICIGI 1 1 1 IG 


788 


Breast Cancer 

Lys-820-Glu 

AAAtoGAA 


AAATGTGTGAGTCAGTGTGCAGCATTTGAAAACCCCAAGGGA 
CTAATTCATGGTTGTTCCAAAGATAATAGAAATGACACAGAAG 
GCTTTAAGTATCCATTGGGACATGAAGTTAACCACA 


789 


TGTGGTTAACTTCATGTCCCAATGGATACTTAAAGCCTTCTGT 
GTCATTTCTATTATCTTTGGAACAACCATGAATTAGTCCCTTG 
GGGI 1 1 ICAAATGCTGCACACTGACTCACACATTT 


790 


GTTGTTCCAAAGATAAT 


791 


ATTATCTTTGGAACAAC 


792 


Breast Cancer 

Thr-826-Lys 

ACAtoAAA 


CAGCATTTGAAAACCCCAAGGGACTAATTCATGGTTGTTCCA 
AAGATAATAGAAATGACACAGAAGGCTTTAAGTATCCATTGG 
GACATGAAGTTAACCACAGTCGGGAAACAAGCATAGA 


793 


TCTATGCTTGTTTCCCGACTGTGGTTAACnCATGTCCCAATG 
GATACTTAAAGCCTTCTGTGTCATTTCTATTATCTTTGGAACA 
ACCATGAATTAGTCCCTTGGGGI 1 1 ICAAATGCTG 


794 


AAATGACACAGAAGGCT 


795 


AGCCTTCTGTGTCATTT 


796 
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i; Clinical Phetiotj^e^ 


Correcttng Oii^os 


SEQID 
MO: 


Breast Cancer 

Arg-841-Trp 

CGGtoTGG 


GATAATAGAAATGACACAGAAGGCTTTAAGTATCCATTGGGA 

CATGAAGTTAACCACAGTCGGGAAACAAGCATAGAAATGGAA 

GAAAGTGAACTTGATGCTCAGTATTTGCAGAATACAT 


797 




ATGTATTCTGCAAATACTGAGCATCAAGTTCACTTTCTTCCAT 
TTCTATGCTTGTTTCCCGACTGTGGTTAACTTCATGTCCCAAT 
GGATACTTAAAGCCTTCTGTGTCATTTCTATTATC 


798 




ACCACAGTCGGGAAACA 


799 




TGTTTCCCGACTGTGGT 


800 


Breast Cancer 

Pro-871-Leu 

CCGtoCTG 


AACTTGATGCTCAGTATTTGCAGAATACATTCAAGGTTTCAAA 
GCGCCAGTCATTTGCTCCGI 1 1 1 CAAATCCAGGAAATGCAGA 
AGAGGAATGTGCAACATTCTCTGCCCACTCTGGGTC 


801 




GACCCAGAGTGGGCAGAGAATGTTGCACATTCCTCTTCTGCA 

TTTCCTGGATTTGAAAACGGAGCAAATGACTGGCGCTTTGAA 

ACCTTGAATGTATTCTGCAAATACTGAGCATCAAGTT 


802 




AIIIGCICCGIIIICAA 


803 




TTGAAAACGGAGCAAAT 


804 


Breast Cancer 

Leu-892-Ser 

TTAtoTCA 


TTTCAAATCCAGGAAATGCAGAAGAGGAATGTGCAACATTCT 
CTGCCCACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCA 
CI 1 1 IGAATGTGAACAAAAGGAAGAAAATCAAGGAAA 


805 




Tl ICCI IGAI 1 1 ICI ICCI 1 1 IGI ICACAI ICAAAAGIGACI 1 1 

TGGACTTTGTTTCTTTAAGGACCCAGAGTGGGCAGAGAATGT 

TGCACATTCCTCTTCTGCATTTCCTGGATTTGAAA 


806 




TGGGTCCTTAAAGAAAC 


807 




GTTTCTTTAAGGACCCA 


808 


Breast Cancer 

Glu-908-Stop 

GAAtoTAA 


CACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCACI IMG 

AATGTGAACAAAAGGAAGAAAATCAAGGAAAGAATGAGTCTA 

ATATCAAGCCTGTACAGACAGTTAATATCACTGCAG 


809 




CTGCAGTGATATTAACTGTCTGTACAGGCTTGATATTAGACTC 
ATTCmCCTTGATTTTCTTCCTTTTGTTCACATTCAAAAGTGA 
CI 1 1 1 GGACTTTGTTTCTTTAAGGACCCAGAGTG 


810 




AAAAGGAAGAAAATCAA 


811 




IIGAIIIICilCCIIII 


812 


Breast Cancer 

Gly-960-Asp 

GGCtoGAC 


ATAATGCCAAATGTAGTATCAAAGGAGGCTCTAGGTTTTGTCT 
ATCATCTCAGTTCAGAGGCAACGAAACTGGACTCATTACTCC 
AAATAAACATGGACI 1 1 1 ACAAAACCCATATCGTAT 


813 
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Clinical PheRolypeS 
Mutatb!) 




SEQ ID 
NO: 




AIACGAIAIGGGI 1 1 IGIAAAAGICCAIGI 1 lAI 1 IGGAGIAA 
TGAGTCCAGTTTCGTTGCCTCTGAACTGAGATGATAGACAAA 
ACCTAGAGCCTCCTTTGATACTACATTTGGCATTAT 


814 


GTTCAGAGGCAACGAAA 


815 


IIICGIIGCCICIGAAC 


816 


Breast Cancer 

Met-1008-lle 

ATGtoATA 


ATTTGTTAAAACTAAATGTAAGAAAAATCTGCTAGAGGAAAAC 
TTTGAGGAACATTCAATGTCACCTGAAAGAGAAATGGGAAAT 
GAGAACATTCCAAGTACAGTGAGCACAATTAGCCGT 


817 


ACGGCTAATTGTGCTCACTGTACTTGGAATGTTCTCATTTCCC 
ATTTCTCTTTCAGGTGACATTGAATGTTCCTCAAAGI 1 1 ICCT 
CTAGCAGAI 1 1 1 ICI lACAl 1 lAGI 1 1 lAACAAAT 


818 


CATTCAATGTCACCTGA 


819 


TCAGGTGACATTGAATG 


820 


Breast Cancer 

Thr-1025-lle 

ACAtoATA 


AL 1 1 1 GAGGAACATTCAATGTCACCTGAAAGAGAAATGGGAA 
ATGAGAACATTCCAAGTACAGTGAGCACAATTAGCCGTAATA 
ACATTAGAGAAAATGI 1 1 1 1 AAAGAAGCCAGCTCAAG 


821 


CTTGAGCIGGCI ICI 1 lAAAAACAl 1 1 ICICIAAIGI lAI lACG 

GCTAATTGTGCTCACTGTACTTGGAATGTTCTCATTTCCCATT 

TCTCTTTCAGGTGACATTGAATGTTCCTCAAAGT 


822 


TCCAAGTACAGTGAGCA 


823 


TGCTCACTGTACTTGGA 


824 


Breast Cancer 

Glu-1038-Gly 

GAAtoGGA 


ACATTCCAAGTACAGTGAGCACAATTAGCCGTAATAACATTAG 
AGAAAATGI 1 1 1 1 AAAGAAGCCAGCTCAAGCAATATTAATGAA 
GTAGGTTCCAGTACTAATGAAGTGGGCTCCAGTAT 


825 


ATACTGGAGCCCACTTCATTAGTACTGGAACCTACTTCATTAA 
TATTGCTTGAGCTGGCTTCTTTAAAAACAI 1 1 ICTCTAATGTTA 
TTACGGCTAATTGTGCTCACTGTACTTGGAATGT 


826 


TTTTAAAGAAGCCAGCT 


827 


AGCTGGCTTCTTTAAAA 


828 


□reast oancer 
Ser-1040-Asn 
AGC to AAC 


A A OT A O A A A A A f'T A /^*T* A A T A A ^ A T' I A <^ A AAA 

CAAb 1 ACAG i GAGCACAATTAGCCGTAATAACATTAGAGAAA 
ATGI 1 1 1 lAAAGAAGCCAGCTCAAGCAATATTAATGAAGTAGG 
TTCCAGTACTAATGAAGTGGGCTCCAGTATTAATGA 


829 


TCATTAATACTGGAGCCCACTTCATTAGTACTGGAACCTACTT 
CATTAATATTGCTTGAGCTGGCTTCTTTAAAAACATTTTCTCTA 
ATGTTATTACGGCTAATTGTGCTCACTGTACTTG 


830 
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Mutation 


Correctlag OiifQS 


SEQIO 

mi 




AGAAGCCAGCTCAAGCA 


831 




TGCTTGAGCTGGCTTCT 


832 


Breast Cancer 

Val-1047-Ala 

GTAtoGCA 


GCCGTAATAACATTAGAGAAAATGl 1 1 1 1 AAAGAAGCCAGCTC 

AAGCAATATTAATGAAGTAGGTTCCAGTACTAATGAAGTGGG 

CTCCAGTATTAATGAAATAGGTTCCAGTGATGAAAA 


833 




1 1 1 ICAICACIGGAACCIAI 1 ICAI lAAl ACIGGAGCCCACI 1 
CATTAGTACTGGAACCTACTTCATTAATATTGCTTGAGCTGGC 
TTCTTTAAAAACAI 1 1 1 CTCTAATGTTATTACGGC 


834 




TAATGAAGIAGGTTCCA 


835 




TGGAACCTACTTCATTA 


836 


Breast Cancer 
Leu-1080-Stop 
TTGtoTAG 


AAA TT A /^/^'V 1' A ^^^T/^ A 'T/^ A A A A A 1 1 « a A A A A <^>^T* A 

AAATAGGTTCCAGTGATGAAAACATTCAAGCAGAACTAGGTA 
GAAACAGAGGGCCAAAATTGAATGCTATGCTTAGATTAGGGG 
1 1 1 IGCAACCTGAGGTCTATAAACAAAGTCTTCCTGG 


837 




CCAGGAAGACTTTGTTTATAGACCTCAGGTTGCAAAACCCCT 
AATCTAAGCATAGCATTCAAI 1 1 1 GGCCCTCTGTTTCTACCTA 
GTTCTGCTTGAATGl 1 1 1 CATCACTGGAACCTATTT 


838 




GCCAAAATTGAATGCTA 


839 




lAGCAl ICAAI 1 1 IGGC 


840 


Breast Cancer 
Leu-1086-Stop 
TTAtoTGA 


AAAACATTCAAGCAGAACTAGGTAGAAACAGAGGGCCAAAAT 
TGAATGCTATGCTTAGATTAGGGGTnTGCAACCTGAGGTCT 
ATAAACAAAGTCTTCCTGGAAGTAATTGTAAGCATCC 


841 




GGATGCTTACAATTACTTCCAGGAAGACTTTGTTTATAGACCT 
CAGGTTGCAAAACCCCTAATCTAAGCATAGCATTCAAI 1 1 IG 
GCCCTCTGTTTCTACCTAGTTCTGCTTGAATGTTTT 


842 




GCTTAGATTAGGGGITT 


843 




AAACCCCTAATCTAAGC 


844 


Breast Cancer 
Ser-1130-Stop 
TCAtoTGA 


AGCAAGAATATGAAGAAGTAGTTCAGACTGTTAATACAGATTT 
CTCTCCATATCTGATTTCAGATAACTTAGAACAGCCTATGGGA 
AGTAGTCATGCATCTCAGGTTTGTTCTGAGACACC 


845 




GGTGTCTCAGAACAAACCTGAGATGCATGACTACTTCCCATA 

GGCTGTTCTAAGTTATCTGAAATCAGATATGGAGAGAAATCT 

GTATTAACAGTCTGAACTACTTCTTCATATTCTTGCT 


846 




TCTGATTTCAGATAACT 


847 




AGTTATCTGAAATCAGA 


848 
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Mutation 


Correcting Oli^os 


SEQtD 
HO: 




Breast Cancer 

Lys-1183-Arg 

AAAtoAGA 


CTAGI 1 1 lot/ 1 bAAAA 1 oAUA 1 1 AAboAAAo 1 1 U 1 Hj I m I 
TAGCAAAAGCGTCCAGAAAGGAGAGCTTAGCAGGAGTCCTA 
GCCCTTTCACCCATACACATiTGGCTCAGGGTTACCG 


Ota 






CGGTAACCCTGAGCCAAATGTGTATGGGTGAAAGGGCTAGG 
ACTCCTGCTAAGCTCTCCTTTCTGGACGCI 1 1 IGCTAAAAACA 
GCAGAACTTTCCTTAATGTCAI 1 1 1 CAGCAAAACTAG 


850 






CGTCCAGAAAGGAGAGC 


851 






GCTCTCCTTTCTGGACG 


852 


5 


Breast Cancer 
Gln-1200-Stop 
CAGtoTAG 


AoLo 1 UuAbAAAooAoAoU 1 i AvjUAUoAo 1 i AvjuoU ! 1 i 

CACCCATACACATTTGGCTCAGGGTTACCGAAGAGGGGCCA 
AGAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGG 


ODO 






CCTCACTAGATAAGTTCTCTTCTGAGGACTCTAATTTCTTGGC 
CCCTCTTCGGTAACCCTGAGCCAAATGTGTATGGGTGAAAGG 
GCTAGGACTCCTGCTAAGCTCTCCTTTCTGGACGCT 


854 






ATTTGGCTCAGGGTTAC 


855 


111 




GTAACCCTGAGCCAAAT 


856 




Breast Cancer 
Arg-1203-Stop 
CGAtoTGA 


A A AO/^ A^ A/^/^TTA^/-* A/-*/^Aoxr^/^TA^^r*r*TTT/-*Ar*r^r^ATAr*A 
AAAGoAGAoLI 1 AbLAboAvj 1 1 AoL/UU 1 1 1 OAOL.UA 1 AL.A 

CATrTGGCTCAGGGTTACCGAAGAGGGGCCAAGAAATTAGA 

GTCCTCAGAAGAGAACTTATCTAGTGAGGATGAAGAGC 


00/ 






GCTCTTCATCCTCACTAGATAAGTTCTCTTCTGAGGACTCTAA 
TTTCTTGGCCCCTCTTCGGTAACCCTGAGCCAAATGTGTATG 
GGTGAAAGGGCTAGGACTCCTGCTAAGCTCTCCTTT 


858 






AGGGTTACCGAAGAGGG 


859 






CCCTCTTCGGTAACCCT 


860 


A A 

10 


Breast Cancer 
Glu-1214-Stop 
GAG to TAG 


ACOoA 1 AOALA 1 1 IbbUIUAbubl 1 ALOuAAoAobooUUAA 
GAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGGATGA 
AGAGCTTCCCTGCTTCCAACACTTGTTATTTGGTAAAG 


00 1 






CTTTACCAAATAACAAGTGTTGGAAGCAGGGAAGCTCTTCAT 

CCTCACTAGATAAGTTCTCTTCTGAGGACTCTAATTTCTTGGC 

CCCTCTTCGGTAACCCTGAGCCAAATGTGTATGGGT 


862 






CCTCAGAAGAGAACTTA 


863 






TAAGTTCTCTTCTGAGG 


864 


15 


Breast Cancer 
Glu-1219-Asp 
GAG to GAC 


TCAGGGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAG 
AAGAGAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCC 
AACACTTGTTATTTGGTAAAGTAAACAATATACCTTCT 


8b6 
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1 Clinical Phenolj^eS 
Mutatbn 




SEO{D 




AGAAGGTATATTGTTTACTTTACCAAATAACAAGTGTTGGAAG 
CAGGGAAGCTCTTCATCCTCACTAGATAAGTTCTCTTCTGAG 
GACTCTAATTTCTTGGCCCCTCTTCGGTAACCCTGA 


866 


TCTAGTGAGGATGAAGA 


867 


TCTTCATCCTCACTAGA 


868 


Breast Cancer 
Glu-1 221 -Stop 
GAAtoTAA 


GGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAbAAbA 
GAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCCAACA 
CTTGTTATTTGGTAAAGTAAACAATATACCTTCTCAGT 


oby 


ACTGAGAAGGTATATTGTTTACTTTACCAAATAACAAGTGTTG 
GAAGCAGGGAAGCTCTTCATCCTCACTAGATAAGTTCTCTTC 
TGAGGACTCTAATTTCTTGGCCCCTCTTCGGTAACC 


870 


GTGAGGATGAAGAGCTT 


871 


AAGCTCTTCATCCTCAC 


872 


Breast Cancer 
Glu-1 250-Stop 
GAG to TAG 


TTAI 1 1 GGTAAAGTAAAOAATATAOCTTo I OAbTO 1 AO 1 Abbu 

ATAGCACCGTTGCTACC6AGTGTCTGTCTAAGAACACAGAGG 

AGAATTTATTATCATTGAAGAATAGCTTAAATGACT 


0(6 


AGTCATTTAAGCTATTCTTCAATGATAATAAATTCTCCTCTGTG 
TTCTTAGACAGACACTCGGTAGCAACGGTGCTATGCCTAGTA 
GACTGAGAAGGTATATTGTTTACTTTACCAAATAA 


874 


TTGCTACCGAGTGTCTG 


875 


CAGACACTCGGTAGCAA 


876 


Breast Cancer 
Ser-1262-Stop 
TCAtoTAA 


CTAGb0ATAG0ACCC3Trt3L.TACo(jAb 1 b 1 C 1 b I C 1 AAbAALA 
CAGAGGAGAATTTATTATCATTGAAGAATAGCTTAAATGACTG 
CAGTAACCAGGTAATATTGGCAAAGGCATCTCAGGA 


of I 


TCCTGAGATGCCTTTGCCAATATTACCTGGTTACTGCAGTCAT 
TTAAGCTATTCTTCAATGATAATAAATTCTCCTCTGTGTTCTTA 
GACAGACACTCGGTAGCAACGGTGCTATGCCTAG 


878 


TTTATTATCATTGAAGA 


879 


TCTTCAATGATAATAAA 


880 


Breast Cancer 
Gln-1 281 -Stop 
CAGtoTAG 


T'T A A TT/^ A A /"V A ATA /"N 1 1 A A A A ^T/^/^ A A A /^/^ A /^/^T A A 

TTATCATTGAAGAATAGCTTAAATGACTGCAGTAACCAGGTAA 
TATTGGCAAAGGCATCTCAGGAACATCACCTTAGTGAGGAAA 
CAAAATGTTCTGCTAGCTTGI 1 1 1 CTTCACAGTGCA 


881 


1 GCAC 1 G 1 GAAGAAAACAAGC 1 AGGAGAACA 1 1 1 1 G 1 1 1 CC 1 C 

ACTAAGGTGATGTTCCTGAGATGCCTTTGCCAATATTACCTG 

GTTACTGCAGTCATTTAAGCTATTCTTCAATGATAA 


882 
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Mutation 


Correcting Oiifas 


sEaio 




AGGCATCTCAGGAACAT 


883 




ATGTTCCTGAGATGCCT 


884 


Breast Cancer 
Gln-1313-Stop 
CAGtoTAG 


GCTAGCTTGI 1 1 ICTTCACAGTGCAGTGAATTGGAAGACTTG 

ACTGCAAATACAAACACCCAGGATCCTTTCTTGATTGGTTCTT 

CCAAACAAATGAGGCATCAGTCTGAAAGCCAGGGAG 


885 




CTCCCTGGCTTTCAGACTGATGCCTCATTTGTTTGGAAGAAC 
CAATCAAGAAAGGATCCTGGGTGTTTGTATTTGCAGTCAAGT 
CTTCCAATTCACTGCACTGTGAAGAAAACAAGCTAGC 


886 




CAAACACCCAGGATCCT 


887 




AGGATCCTGGGTGTTTG 


888 


Breast Cancer 

lle-1318-Val 

ATTtoGTT 


TCACAGTGCAGTGAATTGGAAGACTTGACTGCAAATACAAAC 
ACCCAGGATCCTTTCTTGATTGGTTCTTCCAAACAAATGAGG 
CATCAGTCTGAAAGCCAGGGAGTTGGTCTGAGTGACA 


889 




TGTCACTCAGACCAACTCCCTGGCTTTCAGACTGATGCCTCA 
TTTGTTTGGAAGAACCAATCAAGAAAGGATCCTGGGTGTTTG 
TATTTGCAGTCAAGTCTTCCAATTCACTGCACTGTGA 


890 




CTTTCTTGATTGGTTCT 


891 




AGAACCAATCAAGAAAG 


892 


Breast Cancer 
Gln-1323-Stop 
CAAtoTAA 


TTGGAAGACTTGACTGCAAATACAAACACCCAGGATCCTTTC 
TTGATTGGTTCTTCCAAACAAATGAGGCATCAGTCTGAAAGC 
CAGGGAGTTGGTCTGAGTGACAAGGAATTGGTTTCAG 


893 




CTGAAACCAATTCCTTGTCACTCAGACCAACTCCCTGGCTTT 
CAGACTGATGCCTCATTTGTTTGGAAGAACCAATCAAGAAAG 
GATCCTGGGTGTTTGTATTTGCAGTCAAGTCTTCCAA 


894 




CTTCCAAACAAATGAGG 


895 




CCTCATTTGTTTGGAAG 


896 


Breast Cancer 

Arg-1347-Gly 

AGAtoGGA 


CAGTCTGAAAGCCAGGGAGTTGGTCTGAGTGACAAGGAATT 
GGTTTCAGATGATGAAGAAAGAGGAACGGGCTTGGAAGAAA 
ATAATCAAGAAGAGCAAAGCATGGATTCAAACTTAGGTA 


897 




lACCIAAGI 1 IGAAICCAIGCI 1 IGCICI ICI IGAI lAI 1 1 ICI 
TCCAAGCCCGTTCCTCTTTCTTCATCATCTGAAACCAATTCCT 
TGTCACTCAGACCAACTCCCTGGCTTTCAGACTG 


898 




ATGAAGAAAGAGGAACG 


899 




CGTTCCTC1TTCTTCAT 


900 
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Mutation 




SEOID 


Breast Cancer 
Gln-1395-Stop 
CAGtoTAG 


GAAACAAGCGTCTCTGAAGACTGCTOAGbGO 1 A 1 LL 1 L 1 LAb 

AGTGACATTTTAACCACTCAGGTAAAAAGCGTGTGTGTGTGT 

GCACATGCGTGTGTGTGGTGTCCTTTGCATTCAGTAG 


yu 1 




CTACTGAATGCAAAGGACACCACACACACGCATGTGCACACA 

CACACACGCTTTTTACCTGAGTGGTTAAAATGTCACTCTGAG 

AGGATAGCCCTGAGCAGTCTTCAGAGACGCTTGTTTC 


902 




TAACCACTCAGGTAAAA 


903 




IIIIACCIGAGIGGTTA 


904 


Breast Cancer 
Gln-1408-Stop 
CAGtoTAG 


TGGTGCCATTTATCG 1 1 1 1 1 GAAGCAGAGGGATACCATGCAA 
CATAACCTGATAAAGCTCCAGCAGGAAATGGCTGAACTAGAA 
GCTGTGTTAGAACAGCATGGGAGCCAGCCTTCTAACA 


one 




TGTTAGAAGGCTGGCTCCCATGCTGTTCTAACACAGCTTCTA 

GTTCAGCCATTTCCTGCTGGAGCTTTATCAGGmTGTTGCAT 

GGTATCCCTCTGCTTCAAAAACGATAAATGGCACCA 


906 




TAAAGCTCCAGCAGGAA 


907 




TTCCTGCTGGAGCTTTA 


908 


Breast Cancer 

Arg-1443-Gly 

CGAtoGGA 


AGCCAGCCTTCTAACAGCTACCCTTCCATCATAAG 1 GAU 1 L 1 

TCTGCCCTTGAGGACCTGCGAAATCCAGAACAAAGCACATCA 

GAAAAAGGTGTGTATTGTTGGCCAAACACTGATATCT 


yuy 


Arg-1443-Stop 
CGAtoTGA 


AGATATCAGTGTTTGGCCAACAATACACACCnrrTCTGATGT 
GCTTTGTTCTGGATTTCGCAGGTCCTCAAGGGCAGAAGAGTC 
ACTTATGATGGAAGGGTAGCTGTTAGAAGGCTGGCT 


910 




AGGACCTGCGAAATCCA 


911 




TGGATTTCGCAGGTCCT 


912 


Breast Cancer 

Ser-1512-lle 

AGTtoATT 


r\ A ^ A ATA^A A A /^T A /^/^/^ A T/^"^/^ A A A /^/^ A /^/^T/^ A "FT A A O/^TT 

CAGAATAGAAACTACCCATCTCAAGAGGAGCTCATTAAGGTT 
GTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACA 
CGATTTGACGGAAACATCTTACTTGCCAAGGCAAGATC 


alo 




GATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAAATCGTGTG 
GCCCAGACTCTTCCAGCTGTTGCTCCTCCACATCAACAACCT 
TAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCTG 


914 




AGGAGCAACAGCTGGAA 


915 




TTCCAGCTGTTGCTCCT 


916 


Breast Cancer 
Gln-1538-Stop 
CAGtoTAG 


ATCTTTCTAGGTCATCCCCTTCTAAATGCCCATCATTAGATGA 
TAGGTGGTACATGCACAGTTGCTCTGGGAGTCTTCAGAATAG 
AAACTACCCATCTCAAGAGGAGCTCATTAAGGTTGT 


917 
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Mutation 




SEOID 
NO: 




ACAACCTTAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCT 
GAAGACTCCCAGAGCAACTGTGCATGTACCACCTATCATCTA 
ATGATGGGCATTTAGAAGGGGATGACCTAGAAAGAT 


918 


CATGCACAGTTGCTCTG 


919 


CAGAGCAACTGTGCATG 


920 


Breast Cancer 
Glu-1 541 -Stop 
GAG to TAG 


CAGAATAGAAACTACCCATCTCAAGAGGAGCTCATTAAbCa 1 1 

GTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACA 

CGATTTGACGGAAACATCTTACTTGCCAAGGCAAGATC 


on 
Mix 


GATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAAATCGTGTG 
GCCCAGACTCTTCCAGCTGTTGCTCCTCCACATCAACAACCT 
TAATGAGCTCCTCTTGAGATGGGTAGTTTCTATTCTG 


922 


AGGAGCAACAGCTGGAA 


923 


TTCCAGCTGTTGCTCCT 


924 


Breast Cancer 

Thr-1561-lle 

ACCtoATC 


AACTACCCATCTCAAGAGGAGOTCAT i AAGb 1 1 b 1 1 oA 1 b 1 b 
GAGGAGCAACAGCTGGAAGAGTCTGGGCCACACGATTTGAC 
GGAAACATCTTACTTGCCAAGGCAAGATCTAGGTAATA 




TATTACCTAGATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAA 
ATCGTGTGGCCCAGACTCTTCCAGCTGTTGCTCCTCCACATC 
AACAACCTTAATGAGCTCCTCTTGAGATGGGTAGTT 


926 


AGCTGGAAGAGTCTGGG 


927 


CCCAGACTCTTCCAGCT 


928 


Breast Cancer 
Tyr-1563-Stop 
TACtoTAG 


Tn~r^T" A A T~r/^ a A O A 1 1 A TT^/^TT/^TOT' AAA T — r AAA O 'TTf^Tf^ O A 

TTTGTAATTCAACATTCATCGTTGTGTAAATTAAAOTTC I OLLA 
TTCCTTTCAGAGGGAACCCCTTACCTGGAATCTGGAATCAGC 
CTCTTCTCTGATGACCCTGAATCTGATCCTTCTGA 




TCAGAAGGATCAGATTCAGGGTCATCAGAGAAGAGGCTGATT 

CCAGATTCCAGGTAAGGGGTTCCCTCTGAAAGGAATGGGAG 

AAGTTTAATTTACACAACGATGAATGTTGAATTACAAA 


930 


AGAGGGAACCCCTTACC 


931 


GGTAAGGGGTTCCCTCT 


932 


Breast Cancer 
Leu-1564-Pro 
CTGtoCCG 


CAACATTCATCGTTGTGTAAATTAAACTTCTOGCATl 00 i 1 10 

AGAGGGAACCCCTTACCIGGAATCTGGAATCAGCCTCTTCTC 

TGATGACCCTGAATCTGATCCTTCTGAAGACAGAGC 




GCTCTGTCTTCAGAAGGATCAGATTCAGGG I CATCAGAGAAG 

AGGCTGATTCCAGATTCCAGGTAAGGGGTTCCCTCTGAAAG 

GAATGGGAGAAGTTTAATTTACACAACGATGAATGTTG 


934 
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;ICljmcalPhenoii^& 
MutattoR 


0>rrec1lrts Oiigos 


SEQfD 
NO: 




CCCTTACCIGGAATCTG 


935 




CAGATTCCAGGTAAGGG 


936 


Breast Cancer 
Gln-1604-Stop 
CAAtoTAA 


GCCCCAGAGTCAGCTCGTGTTGGCAACATACCATCTTCAACC 

TCTGCATTGAAAGTTCCCCAATTGAAAGTTGCAGAATCTGCC 

CAGAGTCCAGCTGCTGCTCATACTACTGATACTGCTG 


937 




CAGCAGTATCAGTAGTATGAGCAGCAGCTGGACTCTGGGCA 
GATTCTGCAACTTTCAATTGGGGAACTTTCAATGCAGAGGTT 
GAAGATGGTATGTTGCCAACACGAGCTGACTCTGGGGC 


938 




AAGTTCCCCAATTGAAA 


939 




TTTCAATTGGGGAACTT 


940 


Breast Cancer 

Lys-1606-Glu 

AAAtoGAA 


GAGTCAGCTCGTGTTGGCAACATACCATCTTCAACCTCTGCA 
TTGAAAGTTCCCCAATTGAAAGTTGCAGAATCTGCCCAGAGT 
CCAGCTGCTGCTCATACTACTGATACTGCTGGGTATA 


941 




TATACCCAGCAGTATCAGTAGTATGAGCAGCAGCTGGACTCT 
GGGCAGATTCTGCAACTTTCAATTGGGGAACTrrCAATGCAG 
AGGTTGAAGATGGTATGTTGCCAACACGAGCTGACTC 


942 




CCCAATTGAAAGTTGCA 


943 




TGCAACTTTCAATTGGG 


944 


Breast Cancer 

Met-1628-Thr 

ATGtoACG 


CAGAATCTGCCCAGAGTCCAGCTGCTGCTCATACTACTGATA 
CTGCTGGGTATAATGCAATGGAAGAAAGTGTGAGCAGGGAG 
AAGCCAGAATTGACAGCTTCAACAGAAAGGGTCAACAA 


945 




TTGTTGACCCTTTCTGTTGAAGCTGTCAATTCTGGCTTCTCCC 
TGCTCACACTTTCTTCCATTGCATTATACCCAGCAGTATCAGT 
AGTATGAGCAGCAGCTGGACTCTGGGCAGATTCTG 


946 




TAATGCAATGGAAGAAA 


947 




TTTCTTCCATTGCATTA 


948 


Breast Cancer 

Met-1628-Val 

ATGtoGTG 


GCAGAATCTGCCCAGAGTCCAGCTGCTGCTCATACTACTGAT 

ACTGCTGGGTATAATGCAATGGAAGAAAGTGTGAGCAGGGA 

GAAGCCAGAATTGACAGCTTCAACAGAAAGGGTCAACA 


949 




TGTTGACCCTTTCTGTTGAAGCTGTCAATTCTGGCTTCTCCCT 
GCTCACACTTTCTTCCA1TGCATTATACCCAGCAGTATCAGTA 
GTATGAGCAGCAGCTGGACTCTGGGCAGATTCTGC 


950 




ATAATGCAATGGAAGAA 


951 
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Mutation 


uOFrectfitg Uitpis 






TTCTTCCATTGCATTAT 


952 


Breast Cancer 

Pro-1637-Leu 

CCAtoCTA 


CTCATACTACTGATACTGCTGGGTATAATGCAATGGAAGAAA 
GTGTGAGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAA 
AGGGTCAACAAAAGAATGTCCATGGTGGTGTCTGGCCT 


953 




AGGCCAGACACCACCA 1 GGACA 1 1 C 1 1 1 1 G 1 1 GACCC 1 1 1 C 1 

GTTGAAGCTGTCAATTCTGGCTTCTCCCTGCTCACACTTTCTT 

CCATTGCATTATACCCAGCAGTATCAGTAGTATGAG 


954 




GGAGAAGCCAGAATTGA 


955 




TCAATTCTGGCTTCTCC 


956 


Breast Cancer 

Met-1652-lle 

ATGtoATA 


GAGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAAAGGG 

TCAACAAAAGAATGTCCATGGTGGTGTCTGGCCTGACCCCAG 

AAGAATTTGTGAGTGTATCCATATGTATCTCCCTAATG 


957 




CATTAGGGAGATACATATGGATACACTCACAAATTCTTCTGG 
GGTCAGGCCAGACACCACCATGGACATTCI 1 1 IGTTGACCCT 
TTCTGTTGAAGCTGTCAATTCTGGCTTCTCCCTGCTC 


958 




ATGTCCATGGTGGTGTC 


959 




GACACCACCATGGACAT 


960 


Breast Cancer 
Glu-1694-Stop 
GAG to TAG 


CACTTCCTGAl 1 1 lb 1 1 1 1 UAAU 1 1 U 1 AAI U(J 1 1 1 GAG 1 G 1 1 1 1 
TCATTCTGCAGATGCTGAGTTTGTGTGTGAACGGACACTGAA 
ATAI 1 1 ICTAGGAATTGCGGGAGGAAAATGGGTAG 


981 




CTACCCATTTTCCTCCCGCAATTCCTAGAAAATATTTCAGTGT 
CCGTTCACACACAAACTCAGCATCTGCAGAATGAAAAACACT 
CAAAGGATTAGAAGTTGAAAACAAAATCAGGAAGTG 


962 




CAGATGCTGAGTTTGTG 


963 




CACAAACTCAGCATCTG 


964 


Breast Cancer 

Gly-1706-Glu 

GGAtoGAA 


GIG 1 1 1 1 1 CATTCTGCAGATGCTGAGTTTGTGTGTGAACGGA 
CACTGAAATAI 1 1 ICTAGGAATTGCGGGAGGAAAATGGGTAG 
TTAGCTATTTCTGTAAGTATAATACTATTTCTCCCCT 


965 




AGGGGAGAAATAGTATTATACTTACAGAAATAGCTAACTACCC 
Al II ICCTCCCGCAATTCCTAGAAAATATTTCAGTGTCCGTTC 
ACACACAAACTCAGCATCTGCAGAATGAAAAACAC 


966 




1 1 1 ICIAGGAAITGCGG 


967 




CCGCAATTCCTAGAAAA 


968 
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Coi^ecttrig Olives 


140: 


Breast Cancer 

Ala-1708-Glu 

GCGtoGAG 


TTCATTCTGCAGATGCTGAGTTTGTGTGTGAACGGACACTGA 
AATAI 1 1 ICTAGGAATTGCGGGAGGAAAATGGGTAGTTAGCT 
ATTTCTGTAAGTATAATACTATTTCTCCCCTCCTCCC 


969 


GGGAGGAGGGGAGAAATAGTATTATACTTACAGAAATAGCTA 
ACTACCCAI 1 1 ICCTCCCGCAATTCCTAGAAAATATTTCAGTG 
TCCGTTCACACACAAACTCAGCATCTGCAGAATGAA 


970 


AGGAATTGCGGGAGGAA 


971 


TTCCTCCCGCAATTCCT 


972 


Breast Cancer 

Val-1713-Ala 

GTAtoGCA 


CTGAGTTTGTGTGTGAACGGACACTGAAATAI 1 1 ICTAGGAAT 

TGCGGGAGGAAAATGGGTAGTTAGCTATTTCTGTAAGTATAA 

TACTATTTCTCCCCTCCTCCCTTTAACACCTCAGAA 


973 


TTCTGAGGTGTTAAAGGGAGGAGGGGAGAAATAGTATTATAC 
TTACAGAAATAGCTAACTACCCAI 1 1 1 CCTCCCGCAATTCCTA 
GAAAATATTTCAGTGTCCGTTCACACACAAACTCAG 


974 


AAAATGGGIAGTTAGCT 


975 


AGCIAACIACCCAI 1 1 1 


976 


Breast Cancer 
Trp-1718-Stop 
TGGtoTAG 


AACGGACACTGAAATA 1 1 1 1 CTAGGAATTGCGGGAGGAAAAT 
GGGTAGTTAGCTATTTCTGTAAGTATAATACTATTTCTCCCCT 
CCTCCCTTTAACACCTCAGAATTGCAI 1 1 1 lACACC 


977 


GGTGTAAAAATGCAATTCTGAGGTGTTAAAGGGAGGAGGGG 

AGAAATAGTATTATACTTACAGAAATAGCTAACTACCCATTTTC 

CTCCCGCAATTCCTAGAAAATATTTCAGTGTCCGn 


978 


CTATTTCTGTAAGTATA 


979 


TATACTTAGAGAAATAG 


980 


Breast Cancer 
Glu-1725-Stop 
GAAtoTAA 


TTCTGCTGTATGTAACCTGTC Nil CTATGATCTCTTTAGGGG 
TGACCCAGTCTATTAAAGAAAGAAAAATGCTGAATGAGGTAA 
GTACTTGATGTTACAAACTAACCAGAGATATTCATT 


981 


AATGAATATCTCTGGTTAGTTTGTAACATCAAGTACTTACCTC 
ATTCAGCAI 1 1 1 1 CTTTCTTTAATAGACTGGGTCACCCCTAAA 
GAGATCATAGAAAAGACAGGTTACATACAGCAGAA 


982 


CTATTAAAGAAAGAAAA 


983 


1 1 1 ICI 1 ICI 1 lAAlAG 


984 


Breast Cancer 
Lys-1727-Stop 
AAAtoTAA 


TGTATGTAACCTGTCTTTTCTATGATCTCTTTAGGGGTGACCC 
AGTCTATTAAAGAAAGAAAAATGCTGAATGAGGTAAGTACTTG 
ATGTTACAAACTAACCAGAGATATTCATTCAGTCA 


985 
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Correcting Oiigos 


SEQtD 
HO: 




TGACTGAATGAATATCTCTGGTTAGTTTGTAACATCAAGTACT 
TACCTCATTCAGCAI 1 11 1 CTTTCTTTAATAGACTGGGTCACC 
CCTAAAGAGATCATAGAAAAGACAGGTTACATACA 


986 


AAGAAAGAAAAATGCTG 


987 


CAGCATTTTTCTTTCTT 


988 


Breast Cancer 

Pro-1749-Arg 

CCAtoCGA 


TCTTTCAGCATGAI 1 1 1 GAAGTCAGAGGAGATGTGGTCAATG 
GAAGAAACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAG 
GACAGAAAGGTAAAGCTCCCTCCCTCAAGTTGACAAAA 


989 


TTTTGTCAACTTGAGGGAGGGAGC 1 1 1 ACC 1 1 1 C 1 G 1 CC 1 GG 

GATTCTCTTGCTCGCTTTGGACCTTGGTGGTTTCTTCCATTGA 

CCACATCTCCTCTGACTTCAAAATCATGCTGAAAGA 


990 


CCAAGGTCCAAAGCGAG 


991 


CTCGCTTTGGACCTTGG 


992 


Breast Cancer 
Arg-1 751 -Stop 
CGAtoTGA 


CAGCATGAI 1 1 1 GAAGTCAGAGGAGATGTGGTCAATGGAAGA 
AACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAGGACAG 
AAAGGTAAAGCTCCCTCCCTCAAGTTGACAAAAATCTC 


993 


GAGATTnTGTCAAC"! 1 GAGGGAGGGAGC 1 1 lACCI 1 ICIGI 

CCTGGGATTCTCTTGCTCGCTTTGGACCTTGGTGGTTTCTTC 

CATTGACCACATCTCCTCTGACTTCAAAATCATGCTG 


994 


GTCCAAAGCGAGCAAGA 


995 


TCTTGCTCGCTTTGGAC 


996 


Breast Cancer 
Gln-1756-Stop 
CAGtoTAG 


GTCAGAGGAGATGTGGTCAATGGAAGAAACCACCAAGGTCC 
AAAGCGAGCAAGAGAATCCCAGGACAGAAAGGTAAAGCTCC 
CTCCCTCAAGTTGACAAAAATCTCACCCCACCACTCTGT 


997 


ACAGAGTGGTGGGGTGAGATmTGTCAACTTGAGGGAGGG 
AGCTTTACCTTTCTGTCCTGGGATTCTCTTGCTCGCTTTGGA 
CCTTGGTGGTTTCTTCCATTGACCACATCTCCTCTGAC 


998 


GAGAATCCCAGGACAGA 


999 


TCTGTCCTGGGATTCTC 


1000 


Breast Cancer 

Met-1775-Arg 

ATGtoAGG 


CTCTCTTCTTCCAGATCTTCAGGGGGCTAGAAATCTGTTGCT 
ATGGGCCCTTCACCAACAIGCCCACAGGTAAGAGCCTGGGA 
GAACCCCAGAGTTCCAGCACCAGCCTTTGTCTTACATA 


1001 


TATGTAAGACAAAGGCTGGTGCTGGAACTCTGGGGTTCTCCC 

AGGCTCTTACCTGTGGGCATGTTGGTGAAGGGCCCATAGCA 

ACAGATTTCTAGCCCCCTGAAGATCTGGAAGAAGAGAG 


1002 
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Mutation 


Corr%ctl»90ii9Qis 


SEOfD I 




CACCAACAIGCCCACAG 


1003 


CTGTGGGCATGTTGGTG 


1004 


Breast Cancer 
Trp-1782-Stop 
TGGtoTGA 


AGTATGCAGATTACTGCAGTGATTTTACATCTAAATGTCCATT 
TTAGATCAACTGGAATGGATGGTACAGCTGTGTGGTGCTTCT 
GTGGTGAAGGAGCTTTCATCATTCACCCnGGCACA 


1005 


TGTGCCAAGGGTGAATGATGAAAGCTCCTTCACCACAGAAGC 

ACCACACAGCTGTACCATCCATTCCAGTTGATCTAAAATGGA 

CATTTAGATGTAAAATCACTGCAGTAATCTGCATACT 


1006 


CTGGAATGGATGGTACA 


1007 


TGTACCATCCATTCCAG 


1008 


Breast Cancer 

Gln-1785-His 

CAGtoCAT 


ATTACTGCAGTGAl 1 1 lAUAIUIAAAIUIUUAl 1 1 lAGATCAAC 

TGGAATGGATGGTACAGCTGTGTGGTGCTTCTGTGGTGAAG 

GAGCTTTCATCATTCACCCTTGGCACAGTAAGTATT 


1009 


AATACTTACTGTGCCAAGGGTGAATGATGAAAGCTCCTTCAC 
CACAGAAGCACCACACAGCTGTACCATCCATTCCAGTTGATC 
TAAAATGGACATTTAGATGTAAAATCACTGCAGTAAT 


1010 


ATGGTACAGCTGTGTGG 


1011 


CCACACAGCTGTACCAT 


1012 


Breast Cancer 
GIu-1794-Asp 
GAG to GAT 


GTCCAI 1 1 lAGATCAACTGGAATGGATGGTACAGCTGTGTGG 
TGCTTCTGTGGTGAAGGAGCTTTCATCATTCACCCTTGGCAC 
AGTAAGTATTGGGTGCCCTGTCAGAGAGGGAGGACAC 


1013 


GTGTCCTCCCTCTCTGACAGGGCACCCAATACTTACTGTGCC 
AAGGGTGAATGATGAAAGCTCCTTCACCACAGAAGCACCACA 
CAGCTGTACCATCCATTCCAGTTGATCTAAAATGGAC 


1014 


GTGAAGGAGCTTTCATC 


1015 


GATGAAAGCTCCTTCAC 


1016 


Breast Cancer 
Arg-1835-Stop 
CGAtoTGA 


CTCTGCTTGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGT 

GAGGCACCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGT 

AGCACTCTACCAGTGCCAGGAGCTGGACACCTACCTGA 


1017 


TCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAGTGCTACA 
CTGTCCAACACCCACTCTCGGGTCACCACAGGTGCCTCACA 
CATCTGCCCAATTGCTGGAGACAGAGAACACAAGCAGAG 


1018 


TGGTGACCCGAGAGTGG 


1019 


CCACTCTCGGGTCACCA 


1020 
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10 



fflutation 


Correcting Oiigos 


sea ID 


Breast Cancer 

Trp-1837-Arg 

TGGtoCGG 


TTGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGTGAGGCA 
CCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGTAGCACT 
CTACCAGTGCCAGGAGCTGGACACCTACCTGATACCCC 


1021 


GGGGTATCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAGT 
GCTACACTGTCCAACACCCACTCTCGGGTCACCACAGGTGC 
CTCACACATCTGCCCAATTGCTGGAGACAGAGAACACAA 


1022 


CCCGAGAGIGGGTGTTG 


1023 


CAACACCCACTCTCGGG 


1024 


Breast Cancer 
Trp-1837-Stop 
TGGtoTAG 


TGTGTTCTCTGTCTCCAGCAATTGGGCAGATGTGTGAGGCAC 
PTGTGGTGArrrGAGAGTfiRRTGTTGfiACAGTGTAGCAnTC 
TACCAGTGCCAGGAGCTGGACACCTACCTGATACCCCA 


1025 


TGGGGTATCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAG 
TGCTACACTGTCCAACACCCACTCTCGGGTCACCACAGGTG 
CCTCACACATCTGCCCAATTGCTGGAGACAGAGAACACA 


1026 


CCGAGAGTGGGTGTTGG 


1027 


CCAACACCCACTCTCGG 


1028 




Table 15 

BRCA2 Mutations and Genome-Correctina Oliaos 








iCiinical Fhenot^&& 
Matation 


Correetlftg 0^90$ 


SEQtO 
HO: 


Breast cancer 

PHE32LEU 

TTTtoCTT 


GTTAAAACTAAGGTGGGAI 1 1 1 1 1 1 1 1 1 AAATAGATTTAGGAC 

CAATAAGTCTTAATTGGTTTGAAGAACTTTCTTCAGAAGCTCC 

ACCCTATAATTCTGAACCTGCAGAAGAATCTGAAC 


1029 


GTTCAGAncnCTGCAGGTTCAGAATTATAGGGTGGAGCn 
CTGAAGAAAGTTCTTCAAACCAATTAAGACTTATTGGTCCTAA 
ATCTATTTAAAAAAAAAATCCCACCTTAGTTTTAAC 


1030 


TTAATTGGITTGAAGAA 


1031 


TTCTTCAAACCAATTAA 


1032 


Breast cancer 

TYR42CYS 

TATtoTGT 


TAGATTTAGGACCAATAAGTCTTAATTGGTTTGAAGAACTTTC 
TTCAGAAGCTCCACCCTATAATTCTGAACCTGCAGAAGAATC 
TGAACATAAAAACAACAATTACGAACCAAACCTATT 


1033 
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1 ::jC^|}»Gal Fhenol;^e & 
mutation 


Correctlrtg Oiigos 


SEOED 

m: 




AAIAGGI 1 IGGI ICGIAAI IGI IGI 1 1 1 lAIGI ICAGAI ICTTC 
TGCAGGTTCAGAATTATAGGGTGGAGCTTCTGAAGAAAGTTC 
TTCAAACCAATTAAGACTTATTGGTCCTAAATCTA 


1034 




TCCACCCTATAAnCTG 


1035 




CAGAATTATAGGGTGGA 


1036 


Breast cancer 

LYS53ARG 

AAAtoAGA 


AAGAACTTTCTTCAGAAGCTCCACCCTATAATTCTGAACCTGC 
AGAAGAATCTGAACATAAAAACAACAATTACGAACCAAACCTA 
TTTAAAACTCCACAAAGGAAACCATCTTATAATCA 


1037 




IGAI lAIAAGAlGGI 1 ICCI 1 IGIGGAGI 1 1 lAAAIAGGI 1 IG 
GTTCGTAATTGTTGI 1 1 11 ATGTTCAGATTCTTCTGCAGGTTC 
AGAATTATAGGGTGGAGCTTCTGAAGAAAGTTCTT 


1038 




TGAACATAAAAACAACA 


1039 




IGI IGI 1 illAIGI lUA 


1040 


Breast cancer 

Phe81Leu 

TTCtoCTC 


CTATTTAAAACTCCACAAAGGAAACCATCTTATAATCAGCTGG 
CTTCAACTCCAATAATATTCAAAGAGCAAGGGCTGACTCTGC 
CGCTGTACCAATCTCCTGTAAAAGAATTAGATAAAT 


1041 




AIIIAICIAAIICIII lACAGGAGAI 1 GG 1 ACAGCGGCAGAGT 
CAGCCCTTGCTCTTTGAATATTATTGGAGTTGAAGCCAGCTG 
ATTATAAGATGGTTTCCTTTGTGGAGI 1 1 lAAATAG 


1042 




CAATAATAFCAAAGAG 


1043 




CTCTTTGAATATTATTG 


1044 


Breast cancer 
TRP194TERM 
TGGtoTAG 


GTCAGACACCAAAACATATTTCTGAAAGTCTAGGAGCTGAGG 

TGGATCCTGATATGTCTTGGTCAAGTTCTTTAGCTACACCACC 

CACCCTTAGTTCTACTGTGCTCATAGGTAATAATAG 


1045 




CTATTATTACCTATGAGCACAGTAGAACTAAGGGTGGGTGGT 
GTAGCTAAAGAACTTGACCAAGACATATCAGGATCCACCTCA 
GCTCCTAGACTTTCAGAAATATGI 1 1 IGGTGTCTGAC 


1046 




TATGTCTTGGTCAAGTT 


1047 




AACTTGACCAAGACATA 


1048 


Breast cancer 
PRO201ARG 
CCAtoCGA 


CTGAAAGTCTAGGAGCTGAGGTGGATCCTGATATGTCTTGGT 
CAAGTTCTTTAGCTACACCACCCACCCTTAGTTCTACTGTGCT 
CATAGGTAATAATAGCAAATGTGTATTTACAAGAAA 


1049 




TTTCTTGTAAATACACATTTGCTATTATTACCTATGAGCACAGT 
AGAACTAAGGGTGGGTGGTGTAGCTAAAGAACTTGACCAAGA 
CATATCAGGATCCACCTCAGCTCCTAGACTTTCAG 


1050 
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CJIaleal Phenolize & 
fiSutattoi) 


Correcting Oli^s 


HQi 




AGCTACACCACCCACCC 


1051 


GGGTGGGTGGTGTAGCT 


1052 


Breast cancer 

Pro222Ser 

CCTtoTCT 


ACAATACACATAAAI 1 1 1 1 ATCTTACAGTCAGAAATGAAGAAG 
CATCTGAAACTGTATTTCCTCATGATACTACTGCTGTAAGTAA 
ATATGACATTGATTAGACTGTTGAAATTGCTAACA 


1053 


TGTTAGCAATTTCAACAGTCTAATCAATGTCATATTTACTTACA 
GCAGTAGTATCATGAGGAAATACAGTTTCAGATGCTTCTTCAT 
TTCTGACTGTAAGATAAAAATTTATGTGTATTGT 


1054 


CTGTATTTCCTCATGAT 


1055 


ATCATGAGGAAATACAG 


1056 


Breast cancer 
Leu-414-Term 
HGtoTAG 


AATGGTCTCAACTAACCCTTTCAGGTCTAAATGGAGCCCAGA 
TGGAGAAAATACCCCTATTGCATATTTCTTCATGTGACCAAAA 
TATTTCAGAAAAAGACCTATTAGACACAGAGAACAA 


1057 


1 IGI ICICIGIGICIAAIAGGICI 1 1 1 ICIGAAAIAI 1 1 IGGIC 
ACATGAAGAAATATGCAATAGGGGTAI 1 1 1 CTCCATCTGGGC 
TCCATTTAGACCTGAAAGGGTTAGTTGAGACCATT 


1058 


ACCCCTATIGCATATTT 


1059 


AAATATGCAATAGGGGT 


1060 


Breast cancer, male 

Cys554Trp 

TGTtoTGG 


AGCCTCTGAAAGTGGACTGGAAATACATACTGTTTGCTCACA 
GAAGGAGGACTCCTTATGTCCAAATTTAATTGATAATGGAAG 
CTGGCCAGCCACCACCACACAGAATTCTGTAGCTTTG 


1061 


CAAAGCTACAGAATTCTGTGTGGTGGTGGCTGGCCAGCTTC 

CATTATCAATTAAATTTGGACATAAGGAGTCCTCCTTCTGTGA 

GCAAACAGTATGTATTTCCAGTCCACTTTCAGAGGCT 


1062 


TCCTTATGICCAAATTT 


1063 


AAATTTGGACATAAGGA 


1064 


Breast cancer 

Lys944Temi 

AAAtoTAA 


AACTCTACCATGGI 1 1 1 ATATGGAGACACAGGTGATAAACAA 

GCAACCCAAGTGTCAATTAAAAAAGATTTGGTTTATGTTCTTG 

CAGAGGAGAACAAAAATAGTGTAAAGCAGCATATAA 


1065 


1 lAIAIGCIGCI 1 lACACIAI 1 1 1 IGI 1 C 1 CC 1 CI GCAAGAAC 
ATAAACCAAATCI 1 1 1 1 lAAl IGACACI IGGGI IGCI IGI 1 lAT 
CACCTGTGTCTCCATATAAAACCATGGTAGAGTT 


1066 


TGTCAATTAAAAAAGAT 


1067 


AlCI 1 1 1 liAAl IGACA 


1068 
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Mutation 


Correctlrig Oii^os 




Breast cancer, male 

Glu1320Term 

GAAtoTAA 


A ^T^^ A >^^r A ^^^X A A\ till /^'t"T'/^ A A AAA "!■ "1' A /^T^^ A A A A A A 

ATGACTACTGGCAC III! GTTGAAGAAATTACTGAAAATTACA 

AGAGAAATACTGAAAATGAAGATAACAAATATACTGCTGCCAG 

TAGAAATTCTCATAACTTAGAATTTGATGGCAGTG 


1069 


CACTGCCATCAAATTCTAAGTTATGAGAATTTCTACTGGCAGC 
AGTATATTTGnATCnCAl 1 1 ICAGIAI MClCI IGIAAI 1 1 IC 
AGTAATTTCTTCAACAAAAGTGCCAGTAGTCAT 


1070 


CTGAAAATGAAGATAAC 


1071 


GIIAICIICAIIIICAG 


1072 


Breast cancer 
Glu1876Tenn 
GAAtoTAA 


A T"^^ AAA A A "1 A A A A A A ^\ AAA A A A III A ^\ A A A 

CATGAAACAATTAAAAAAGTGAAAGACATATTTACAGACAGTT 
JCAGTAAAGTAATTAAGGAAAACAACGAGAMAAAICAAAAAJ 
TTGCCAAACGAAAATTATGGCAGGTTGTTACGAGG 


1073 


CCICGIAACAACCIGCCAIAAI 1 1 ICGI 1 IGGCAAAI 1 1 1 IGA 
TTTATTCTCGTTGI 1 1 1 CCTTAATTACTTTACTGAAACTGTCTG 
TAAATATGTCTTTCACI 1 1 1 1 1 AATTGTTTCATG 


1074 


TAATTAAGGAAAACAAC 


1075 


GTTGIIIICCnAATTA 


1076 


Breast cancer 
Ser1882Term 
TCAtoTAA 


-r' ^X AAA A A "T" A !■ ■i'""*" A A A A III* A AAA ^NT* A A '"(""I" A A A 

TGAAAGACATATTTACAGACAGTTTCAGTAAAGTAATTAAGGA 
AAACAACGAGAATAAATCAAAAATTTGCCAAACGAAAATTATG 
GCAGGTTGTFACGAGGCATTGGATGATTCAGAGGA 


1077 


TCCTCTGAATCATCCAATGCCTCGTAACAACCTGCCATAATTT 
TCGTTTGGCAAAI 1 1 1 IGAl 1 lAI ICICGI IGI 1 1 ICCTTAATT 
ACTTTACTGAAACTGTCTGTAAATATGTCTTTCA 


1078 


GAATAAATCAAAAATTT 


1079 


AAAI 1 1 1 IGAl 1 lAI IC 


1080 


Breast cancer 
Glu1953Term 
GAAtoTAA 


A A A A A A ^* A •T*^N'T"^X"^^^ A I 1 /~\ /"^v A AAA Til" A A A A ^ A A 

AACCAAAATATGTCTGGATTGGAGAAAGTTTCTAAAATATCAC 
CTTGTGATGTTAGnTGGAAACTTCAGATATATGTAAATGTAG 
TATAGGGAAGCTTCATAAGTCAGTCTCATCTGCAA 


1081 


TTGCAGATGAGACTGACTTATGAAGCTTCCCTATACTACATTT 
ACATATATCTGAAGTTTCCAAACTAACATCACAAGGTGATATT 
TTAGAAACTTTCTCCAATCCAGACATAI 1 1 IGGTT 


1082 


TTAGnTGGAAACnCA 


1083 


TGAAGTTTCCAAACTAA 


1084 


Breast cancer 
Ser1970Term 
TCAtoTAA 


TTAGTTTGGAAACTTCAGATATATGTAAATGTAGTATAGGGAA 
GCTTCATAAGTCAGTCTCATCTGCAAATACTTGTGGGAI 1 1 1 1 
AGCACAGCAAGTGGAAAATCTGTCCAGGTATCAGA 


1085 
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Mntatton 


v>OiTeCIti!y Uir^QS 


sea ID 

NO: 




TCTGATACCTGGACAGATTTTCCACTTGCTGTGCTAAAAATCC 
CACAAGTATTTGCAGATGAGACTGACTTATGAAGCTTCCCTAT 
ACTACATTTACATATATCTGAAGTTTCCAAACTAA 


1086 




GTCAGTCTCATCTGCAA 


1087 




TTGCAGATGAGACTGAC 


1088 


Breast cancer 
Gln1987Term 
CAGtoTAG 


AAGTCAGTCTCATCTGCAAATACTTGTGGGAl 1 1 I lAGCACAG 
CAAGTGGAAAATCTGTCCAGGTATCAGATGCTTCATTACAAAA 
CGCAAGACAAGTGI 1 1 1 CTGAAATAGAAGATAGTA 


1089 




lACIAICI ICIAI 1 ICAGAAAAUACI IGICI IGCGI 1 1 IGIAAI 
GAAGCATCTGATACCTGGACAGAI 1 1 1 CCACTTGCTGTGCTA 
AAAATCCCACAAGTATTTGCAGATGAGACTGACn 


1090 




AATCTGTCCAGGTATCA 


1091 




TGATACCTGGACAGATT 


1092 


Breast cancer 

Ala2466Val 

GCAtoGTA 


AAAATAAGATTAATGACAATGAGATTCATCAGTTTAACAAAAA 
CAACTCCAATCAAGCAGCAGCTGTAACTTTCACAAAGTGTGA 
AGAAGAACCTTTAGGTATTGTATGACAATTTGTGTG 


1093 




CACACAAATTGTCATACAATACCTAAAGGTTCTTCTTCACACT 
TTGTGAAAGTTACAGCTGCTGCTTGATTGGAGTTGI 1 1 1 IGTT 
AAACTGATGAATCTCATTGTCATTAATCTTAI 1 1 1 


1094 




TCAAGCAGCAGCTGTAA 


1095 




TTACAGCTGCTGCTTGA 


1096 


Breast cancer 
Arg2520Term 
CGAtoTGA 


AGGCAACGCGTCTTTCCACAGCCAGGCAGTCTGTATCTTGCA 

AAAACATCCACTCTGCCTCGAATCTCTCTGAAAGCAGCAGTA 

GGAGGCCAAGTCCCCTCTGCGTGTCCTCATAAACAGG 


1097 




CCTGTTTATGAGGACACGCAGAGGGGACTTGGCCTCCTACT 
GCTGCTTTCAGAGAGATTCGAGGCAGAGTGGATGI 1 1 1 IGCA 
AGATACAGACTGCCTGGCTGTGGAAAGACGCGTTGCCT 


1098 




CTCTGCCTCGAATCTCT 


1099 




AGAGATTCGAGGCAGAG 


1100 


Breast cancer 
Gin2714Term 
CAAtoTAA 


ATTTCATTGAGCGCAAATATATCTGAAACTTCTAGCAATAAAA 
CTAGTAGTGCAGATACCCAAAAAGTGGCCATTATTGAACTTA 
CAGATGGGTGGTATGCTGTTAAGGCCCAGTTAGATC 


A A f\A 

1101 




GATCTAACTGGGCCTTAACAGCATACCACCCATCTGTAAGTT 
CAATAATGGCCACI 1 1 1 IGGGIAICIGUACIACI AGI 1 1 lATT 
GCTAGAAGTTTCAGATATATTTGCGCTCAATGAAAT 


1102 
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Ipliaicisfl PfienotHJe & 




SEQID 
HQ: 




CAGATACCCAAAAAGTG 


1103 


CACI 1 1 1 IGGGIAICIG 


1104 


Breast cancer 
Leu2776Term 
TTAtoTGA 


CAGAACTGGTGGGCTCTCCTGATGCCTGTACACCTCTTGAAG 

CCCCAGAATCTCTTATGHAAAGGTAAATTAATTTGCACTCTT 

GGTAAAAATCAGTCATTGATTCAGTTAAATTCTAGA 


1105 


TCTAGAATTTAACTGAATCAATGACTGATTTTTACCAAGAGTG 
CAAATTAATTTACCTTTAACATAAGAGATTCTGGGGCTTCAAG 
AGGTGTACAGGCATCAGGAGAGCCCACCAGTTCTG 


1106 


TCTTATGITAAAGATTT 


1107 


AAATCTTTAACATAAGA 


1108 


Breast cancer 
Gln2893Term 
CAGtoTAG 


CCI 1 1 IGI 1 1 ICTTAGAAAACACAACAAAACCATATTTACCATC 
ACGTGCACTAACAAGACAGCAAGTTCGTGCTTTGCAAGATGG 
TGCAGAGCTTTATGAAGCAGTGAAGAATGCAGCAG 


1109 


CTGCTGCATTCTTCACTGCTTCATAAAGCTCTGCACCATCTTG 
CAAAGCACGAACTTGCTGTCTTGTTAGTGCACGTGATGGTAA 
ATATGGI 1 1 IGI IGIGI 1 1 1 CTAAGAAAACAAAAGG 


1110 


TAACAAGACAGCAAGTT 


1111 


AACTTGCTGTCTTGTTA 


1112 


Breast cancer 

Ala2951Thr 

GCCtoACC 


AATCACAGGCAAATGTTGAATGATAAGAAACAAGCTCAGATC 

CAGTTGGAAATTAGGAAGGCCATGGAATCTGCTGAACAAAAG 

GAACAAGGTTTATCAAGGGATGTCACAACCGTGTGGA 


1113 


TCCACACGGTTGTGACATCCCTTGATAAACCTTGTTCCI II IG ^ 

TTCAGCAGATTCCATGGCCTTCCTAATTTCCAACTGGATCTGA 

GCTTGTTTCTTATCATTCAACATTTGCCTGTGATT 


1114 


TTAGGAAGGCCATGGAA 


1115 


TTCCATGGCCTTCCTAA 


1116 


Breast cancer 

Met3118Thr 

ATGtoACG 


ACAATTTACTGGCAATAAAGI 1 1 1 GGATAGACCTTAATGAGGA 
CATTATTAAGCCTCATATGTTAATTGCTGCAAGCAACCTCCAG 
TGGCGACCAGAATCCAAATCAGGCCTTCTTACTTT 


1117 


AAAGTAAGAAGGCCTGATTTGGATTCTGGTCGCCACTGGAG 

GTTGCTTGCAGCAATTAACATATGAGGCTTAATAATGTCCTCA 

TTAAGGTCTATCCAAAACTTTATTGCCAGTAAATTGT 


1118 


GCCTCATAIGTTAATTG 


1119 


CAATTAACATATGAGGC 


1120 
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i eilnrcal Phenotype 
Mutation 


Correctlsg ori9os 


SEQfD 
NQ: 


Breast cancer 

Thr3401Met 

ACGtoATG 


GACTGAAACGACGTTGTACTACATCTCTGATCAAAGAACAGG 

AGAGTTCCCAGGCCAGTACGGAAGAATGTGAGAAAAATAAGC 

AGGACACAATTACAACTAAAAAATATATCTAAGCATT 


1121 


AATGCI lAGAIAIAI 1 1 1 1 lAGI IGIAAI IGlGrCCTGCTTATT 

TTTCTCACATTCTTCCGTACTGGCCTGGGAACTCTCCTGTTCT 

TTGATCAGAGATGTAGTACAACGTCGTTTCAGTC 


1122 


GGCCAGTACGGAAGAAT 


1123 


ATTCTTCCGTACTGGCC 


1124 


Breast cancer 

lle3412Val 

ATTtoGTT 


AAAGAACAGGAGAGTTCCCAGGCCAGTACGGAAGAATGTGA 
GAAAAATAAGCAGGACACAATTACAACTAAAAAATATATCTAA 
GCATTTGCAAAGGCGACAATAAATTATTGACGCTTAA 


1125 


TTAAGCGTCAATAATTTATTGTCGCCTTTGCAAATGCTTAGAT 
ATAI 1 1 1 1 lAGI IGIAAI IGrGrCCTGCTTATTTTTCTCACATT 
CTTCCGTACTGGCCTGGGAACTCTCCTGTTCTTT 


1126 


AGGACACAATTACAACT 


1127 


AGTTGTAATTGTGTCCT 


1128 



I EXAMPLES 
^ Cystic Fibrosis - CFTR 

Cystic fibrosis is a lethal disease affecting approximately one in 2,500 live Caucasian 
1 0 births and is the most common autosomal recessive disease in Caucasians. Patients with this disease 
have reduced chloride ion permeability in the secretory and absorptive cells of organs with epithelial cell 
linings, including the ainways, pancreas, intestine, sweat glands and male genital ti-act This, in turn, 
reduces the transport of water across the epithelia. The lungs and the Gl tract are the predominant organ 
systems affected in this disease and the pathology is characterized by blocking of the respiratory and Gl 
15 ti"acts with viscous mucus. The chloride impermeability in affected tissues is due to mutations in a specific 
chloride channel, the cystic fibrosis ti-ansmembrane conductance regulator protein (CFTR), which 
prevents normal passage of chloride ions through the cell membrane (Welsh et aL, Neuron, 8:821-829 
(1992)). Damage to the lungs due to mucus blockage, frequent bacterial infections and inflammation is 
t*^^ primary cause of morbidity and mortality in CF patients and, although maintenance therapy has 
20 improved the quality of patients* lives, the median age at death is still only around 30 years. There is no 
effective ti-eatinentfor the disease, and therapeutic research is focused on gene therapy using 
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exogenous transgenes in viral vectors and/or activating the defective or other chloride channels in the cell 
membrane to normalize chloride permeability (Tizzano et al., J. Pediat, 1 20:337-349 (1 992)). However, 
the death of a teenage patient treated with an adenovirus vector carrying an exogenous CFTR gene in 
clinical trials in the late 1990's has impacted this area of research. 

The oligonucleotides of the invention for correction of the Cin"R gene are attached as a 

table. 



Table 16 

CFTR Mutations and Genome-Correcting Oliqos 



diittcdi Phenol^ & 
Mittatton 


Correc^ng Ofi^s 


SEQID 
HO: 


L>ysuc Tiorosis 

Ala46Asp 

GCTtoGAT 


AAf^nATArAnArAGrGrCTRGAATTGTCAGACATATACCAAA 
TCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAAAATTGGA 
AAGGTATGTTCATGTACATTGTTTAGTTGAAGAGAG 


1129 


CTCTCTTCAACTAAACAATGTACATGAACATACCTTTCCAATTT 

TTCAGATAGATTGTCAGCAGAATCAACAGAAGGGATTTGGTA 

TATGTCTGACAATTCCAGGCGCTGTCTGTATCCTT 


1130 


TGATTCTGCTGACAATC 


1131 


GATTGTCAGCAGAATCA 


1132 


Cvstic fibrosis 

SerSOTyr 

TCTtoTAT 


AGCGCCTGGAATTGTCAGACATATACCAAATCCCTTCTGTTG 
ATTCTGCTGACAATCTATCTGAAAAATTGGAAAGGTATGTTCA 
TGTACATTGTTTAGTTGAAGAGAGAAATTCATATTA 


1133 


TAATATGAATTTCTCTCTTCAACTAAACAATGTACATGAACATA 
CCTTTCCAAI 1 1 1 1 CAGATAGAnGTCAGCAGAATCAACAGAA 
GGGATTTGGTATATGTCTGACAATTCCAGGCGCT 


1134 


CAATCTATCTGAAAAAT 


1135 


All II ICAGAIAGAI IG 


1136 


Congenital absence of 
vas deferens 
Glu56Lys 
GAA-AAA 


AGGACAACTAAAATATTTGCACATGCAACTTATTGGTCCCACT 
1 II lAI ICI 1 1 IGCAGAGAATGGGATAGAGAGCTGGCTTCAAA 
GAAAAATCCTAAACTCATTAATGCCCTTCGGCGAT 


1137 


ATCGCCGAAGGGCATTAATGAGTTTAGGATnTTCTTTGAAGC 
CAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAGTGGGA 
CCAATAAGTTGCATGTGCAAATAI 1 1 l AGTTGTCCT 


1138 


TiTGCAGAGAATGGGAT 


1139 


ATCCCATTCTCTGCAAA 


1140 
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lyiiitatiott 


CorrecSng Qiigas 


SEaiD 
HQ: 


Cystic fibrosis 

Trp57Gly 

TGGtoGGG 


AGGACAACTAAAATATTTGCACATGCAACTTATTGGTCCCACT 
TTTTATTCTTTTGCAGAGAATGGGATAGAGAGCTGGCTTCAAA 
GAAAAATCCTAAACTCATTAATGCCCTTCGGCGAT 


1141 




ATCGCCGAAGGGCATTAATGAGTHAGGATTTTTCTTTGAAGC 
CAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAGTGGGA 
CCAATAAGTTGCATGTGCAAATAI 1 1 lAGTTGTCCT 


1142 




TITGCAGAGAATGGGAT 


1143 




ATCCCATTCTCTGCAAA 


1144 


Cystic fibrosis 

TrpSTTerm 

TGGtoTGA 


AACTAAAATATTTGCACATGCAACTTATTGGTCCCACI II HAT 
TCT 1 1 1 GCAGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAA 
ATCCTAAACTCATTAATGCCCTTCGGCGATGI 1 1 1 


1145 




AAAACATCGCCGAAGGGCATTAATGAGTl lAGGAI 1 1 IICI II 
GAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAGT 
GGGACCAATAAGTTGCATGTGCAAATAI 1 1 lAGTT 


1146 




AGAGAATGGGATAGAGA 


1147 




TCTCTATCCCATTCTCT 


1148 


Congenital absence of 
vas deferens 
Asp58Asn 


ACTAAAATATTTGCACATGCAACTTATTGGTCCCACi 1 1 1 1 ATT 
CTTTTGCAGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAA 
TCCTAAACTCATTAATGCCCTTCGGCGATGI 1 1 1 1 


1149 


GAT to AAT 


AAAAACATCGCCGAAGGGCATTAATGAGTTTAGGATTnTCTT 
TGAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAATAAAAAG 
TGGGACCAATAAGTTGCATGTGCAAATAI 1 IIAGT 


1150 




GAGAATGGGATAGAGAG 


1151 




CTCTCTATCCCATTCTC 


1152 


Cystic fibrosis 
Glu60Term 
GAG to TAG 


ATATTTGCACATGCAACTTATTGGTCCCACi IIIIAIIUIIIIG 
CAGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAA 
ACTCATTAATGCCCTTCGGCGATGTTTTTTCTGGA 


A A CO 

1153 




TCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAGGAT 
TTTTCTTTGAAGCCAGCTCTCTATCCCATTCTCTGCAAAAGAA 
TAAAAAGTGGGACCAATAAGTTGCATGTGCAAATAT 


1154 




GGGATAGAGAGCTGGCT 


1155 




AGCCAGCTCTCTATCCC 


1156 
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■(<lliilC3lPhenolype& 


Conrerting Ofl§os 


m: 


Cystic fibrosis 

Pro67Leu 

CCTtoCTT 


GGTCCCACi 1 1 1 lAI lUI 1 1 iGCAGAGAATbbbAlAbAbAbU 
TGGCTTCAAAGAAAAATCCTAAACTCATTAATGCCCTTCGGC 
GATGTTTTTTCTGGAGATTTATGTTCTATGGAATCTT 


1 10/ 




AAGATTCCATAGAACATAAATCTCCAGAAAAAACATCGCCGAA 
GGGCATTAATGAGTTTAGGAI 1 1 1 1 CTTTGAAGCCAGCTCTCT 
ATCCCATTCTCTGCAAAAGAATAAAAAGTGGGACC 


1158 




GAAAAATCCTAAACTCA 


1159 




IGAGI 1 lAGGAI 1 1 ilC 


1160 


Cystic fibrosis 

Arg74Trp 

CGGtoTGG 


TGCAGAGAATGGGATAGAGAGCTbbL 1 1 LJ\PJvjPJ\PJ\P^ I 1 
AAACTCATTAATGCCCTTCGGCGATGTTTTTTCTGGAGATTTA 
TGTTCTATGGAATCI 1 1 1 1 ATATTTAGGGGTAAGGA 


t lU i 




TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAGGATT 
TTTCTTTGAAGCCAGCTCTCTATCCCATTCTCTGCA 


1162 




ATGCCCTTCGGCGATGT 


1163 




ACATCGCCGAAGGGCAT 


1164 


Congenital absence of 
vas deferens 
ARG75GLN 


GAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAA 1 1 AAAU 
TCATTAATGCCCTTCGGCGATGTTTTTTCTGGAGATITATGTT 
CTATGGAATCT 1 1 1 1 ATATTTAGGGGTAAGGATCTC 


1 100 


OoA to UAA 


GAGATCCHACCCCTAAATATAAAAAGATTCCATAGAACATAA 
ATCTCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAG 
GATTTTTCTTTGAAGCCAGCTCTCTATCCCATTCTC 


1166 




CCTTCGGCGAIGIIIII 


1167 




AAAAACATCGCCGAAGG 


1168 


Cystic fibrosis 

Arg75Leu 

CGAtoCTA 


^ A A A "T/^/^/^ AT A A O A /^/^TO/^/^'I" I A A A A A A A AX/^/^X A A 

GAGAATGGGATAGAGAGCTbbU 1 i OAAAbAAAAA 1 1 AAAU 
TCATTAATGCCCTTCGGCGATGTTTTTTCTGGAGATTTATGTT 
CTATGGAATCI 1 1 1 1 ATATTTAGGGGTAAGGATCTC 


1 10? 




GAGATCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAA 
ATCTCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAG 
GATTTTTCTnGAAGCCAGCTCTCTATCCCATTCTC 


1170 




CCilCGGCGAIGIIIII 


1171 




AAAAACATCGCCGAAGG 


1172 


Cystic fibrosis 

Arg75Term 

CGAtoTGA 


AGAGAATGGGATAGAGAGCTGGCTTCAAAGAAAAATCCTAAA 
CTCATTAATGCCCTTCGGCGATGTTTTTTCTGGAGATTTATGT 
TCTATGGAATCI 1 1 1 1 ATATTTAGGGGTAAGGATCT 


1173 
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sea ID 

HQ: 




AGATCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAA 
TCTCCAGAAAAAACATCGCCGAAGGGCATTAATGAGTTTAGG 
ATTTTTCTTTGAAGCCAGCTCTCTATCCCATTCTCT 


1174 




CCCTTCGGCGATGTTTT 


1175 




AAAACATCGCCGAAGGG 


1176 


Cystic fibrosis 

Gly85Glu 

GGAtoGAA 


AAAATCCTAAACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 1 CTG 
GAGATTTATGTTCTATGGAATCI 1 1 i 1 ATATTTAGGGGTAAGG 
ATCTCATTTGTACATTCATTATGTATCACATAACT 


1177 




AGTTATGTGATACATAATGAATGTACAAATGAGATCCTTACCC 
CTAAATATAAAAAGATTCCATAGAACATAAATCTCCAGAAAAA 
ACATCGCCGAAGGGCATTAATGAGTTTAGGAI 1 1 1 


1178 




GnCIAIGGAAICIIII 


1179 




AAAAGATTCCATAGAAC 


1180 


Cystic fibrosis 

GlySSVal 

GGAtoGTA 


AAAATCCTAAACTCATTAATGCCCTTCGGCGATG i i 1 1 1 1 CTG 
GAGATTTATGTTCTATGGAATCI 1 1 1 1 ATATTTAGGGGTAAGG 
ATCTCATTTGTACATTCATTATGTATCACATAACT 


llol 




AGTTATGTGATACATAATGAATGTACAAATGAGATCCTTACCC 
CTAAATATAAAAAGATTCCATAGAACATAAATCTCCAGAAAAA 
ACATCGCCGAAGGGCATTAATGAGTTTAGGAI 1 1 1 


1182 




GTTCTATGGAAICIIII 


1183 




AAAAGATTCCATAGAAC 


1184 


Cystic fibrosis 

LeuBBSer 

TTAtoTCA 


AACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 1 CTGGAGATTTAT 
GTTCTATGGAATCI 1 1 1 lATATTTAGGGGTAAGGATCTCATTT 
GTACATTCATTATGTATCACATAACTATATGCATT 


MOO 




AATGCATATAGTTATGTGATACATAATGAATGTACAAATGAGA 
TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTT 


1186 




AAlClllliAIAIIlAG 


1187 




CTAAATATAAAAAGATT 


1188 


Cystic fibrosis 

PheBTLeu 

TTTtoCTT 


CCTAAAC/TOA 1 1 AA 1 oCCC 1 1 LvjbUbA 1 1 1 i 1 1 0 1 vsoAuA 1 
TTATGTTCTATGGAATCI 1 1 1 lATATTTAGGGGTAAGGATCTC 
ATTTGTACATTCATTATGTATCACATAACTATATG 






CATATAGTTATGTGATACATAATGAATGTACAAATGAGATCCT 
TACCCCTAAATATAAAAAGATTCCATAGAACATAAATCTCCAG 
AAAAAACATCGCCGAAGGGCATTAATGAGTTTAGG 


1190 
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Mutation 


Correcting Offgos 


SEOID 
NO: 




AIGGAAIUIIIIAIAI 


1191 




ATATAAAAAGATTCCAT 


1192 


Cystic fibrosis 

Leu88Term 

TTAtoTGA 


AACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 1 CTGGAGATTTAT 
GTTCTATGGAATCTTTTTATATTTAGGGGTAAGGATCTCATTT 
GTACATTCATTATGTATCACATAACTATATGCATT 






AATGCATATAGTTATGTGATACATAATGAATGTACAAATGAGA 
TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTT 


1194 




AAICI 1 1 ilAlAI 1 lAG 


1195 




CTAAATATAAAAAGATT 


1196 


Cystic fibrosis 

LeuBBTerm 

TTAtoTAA 


AACTCATTAATGCCCTTCGGCGATG 1 1 1 1 1 1 CTGGAGATTTAT 
GTTCTATGGAATCI 1 1 nATATTTAGGGGTAAGGATCTCATTT 
GTACATTCATTATGTATCACATAACTATATGCATT 


ny/ 




AATGCATATAGTTATGTGATACATAATGAATGTACAAATGAGA 
TCCTTACCCCTAAATATAAAAAGATTCCATAGAACATAAATCT 
CCAGAAAAAACATCGCCGAAGGGCATTAATGAGTT 


1198 




AAICI 1 lliAIAI 1 lAG 


1199 




CTAAATATAAAAAGATT 


1200 


Cystic fibrosis 

Gly91Arg 

GGGtoAGG 


AATGCCCTTCGGCGATG 1 II II 1 CTGGAGAl 1 lATGTTCTATG 
GAATCI 1 1 1 lATATTTAGGGGTAAGGATCTCATTTGTACATTC 
ATTATGTATCACATAACTATATGCAl 1 1 1 IGTGAT 


IzU 1 




ATCACAAAAATGCATATAGTTATGTGATACATAATGAATGTAC 
AAATGAGATCCTTACCCCTAAATATAAAAAGATTCCATAGAAC 
ATAAATCTCCAGAAAAAACATCGCCGAAGGGCATT 


1202 




TATATTTAGGGGTAAGG 


1203 




CCTTACCCCTAAATATA 


1204 


Cystic fibrosis 

Gln98Arg 

CAGtoCGG 


AATAAATGAAATTTAATTTCTCTG 1 II 1 1 UUUU MM GTAGGAA 
GTCACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAATCATA 
GCTTCCTATGACCCGGATAACAAGGAGGAACGCTC 


-1 one 




GAGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTATGATT 
CTTCCCAGTAAGAGAGGCIGTACTGCTTTGGTGACTTCCTAC 
AAAAGGGGAAAAACAGAGAAATTAAATTTCATTTATT 


1206 




AGCAGTACAGCCTCTCT 


1207 




AGAGAGGCTGTACTGCT 


1208 
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5 



CllnicaTPheriotype& I 


Correcting Oii^os 


SEaiD 

noi 


Cystic fibrosis 

Gln98Term 

CAG-TAG 


AAATAAATGAAA II 1 AA II 1 CTCTG Mill UoUU ll 1 1 b I a<jUA 
AGTCACCAAAGCAGTACAGCCTCTCTTACTGGGAAGAATCAT 
AGCTTCCTATGACCCGGATAACAAGGAGGAACGCT 






AGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTC 
TTCCCAGTAAGAGAGGCTGTACTGCTTTGGTGACTTCCTACA 
AAAGGGGAAAAACAGAGAAATTAAATTTCATTTATTT 


1210 




AAGCAGTACAGCCTCTC 


1211 




GAGAGGCTGTACTGCTT 


1212 


Cystic fibrosis 

SerlOSPiie 

TCCtoTTC 


CCCi 1 1 1 GTAGGAAGTCACCAAAGCAGTAUAbUL 1 0 1 U 1 lAU 

TGGGAAGAATCATAGCTTCCTATGACCCGGATAACAAGGAGG 

AACGCTCTATCGCGATTTATCTAGGCATAGGCTTATG 






CATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTTCCTCC 
TTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCAGTAAG 
AGAGGCTGTACTGCTTTGGTGACTTCCTACAAAAGGG 


1214 




CATAGCTTCCTATGACC 


1215 




GGTCATAGGAAGCTATG 


1216 


Cystic fibrosis 

TyrlOQCys 

TATtoTGT 


1 1 II GTAGGAAGTCAOCAAAbUAb 1 AUAouU 1 U 1 o 1 I AU l ub 

GAAGAATCATAGCTTCCTATGACCCGGATAACAAGGAGGAAC 

GCTCTATCGCGATTTATCTAGGCATAGGCTTATGCCT 


1917 




AGGCATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTTCC 

TCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCAGT 

AAGAGAGGCTGTACTGCTTTGGTGACTTCCTACAAAA 


1218 




AGCTTCCTATGACCCGG 


1219 




CCGGGTCATAGGAAGCT 


1220 


Cystic fibrosis 

AspllOHis 

GACtoCAC 


TTGTAGGAAbTLfALUAAAbLAb 1 ALAboU 1 L- 1 U 1 1 AO 1 bbbA 
AGAATCATAGCTTCCTATGACCCGGATAACAAGGAGGAACGC 
TCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTC 


1991 




GAAGGCATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTT 
CCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCCA 
GTAAGAGAGGCTGTACTGCTTTGGTGACTTCCTACAA 


1222 




CTTCCTATGACCCGGAT 


1223 




ATCCGGGTCATAGGAAG 


1224 
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5 





Correcting Oii^os 


sea ID 

m: 


Congenital absence of 
vas deferens 
ProlllLeu 


AGGAAGTCACCAAAbOAo 1 AUAbUu 1 0 1 u 1 l Au i ovjoaa^am 
TCATAGCTTCCTATGACCCGGATAACAAGGAGGAACGCTCTA 
TCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTT 


t £.L.\j 




AAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGATAGAG 

CGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTATGATTCTT 

CCCAGTAAGAGAGGCTGTACTGCTTTGGTGACTTCCT 


1226 




CTATGACCCGGATAACA 


1227 




TGTTATCCGGGTCATAG 


1228 


Cystic fibrosis 

Arg117Cys 

CGCtoTGC 


r^T A A r^nr^TnTnTT a r^T^r^r^ a a o A ATP AT Ar^PTTPPTATf^ AP 
GTAOAooU 1 L i u 1 ! AU 1 oooAAv^AA 1 UA i AUo l i i /\ i ortu 

CCGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGC 

ATAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGC 






GCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCTA 
GATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCAT 
AGGAAGCTATGATTCTTCCCAGTAAGAGAGGCTGTAC 


1230 




AGGAGGAACGCTCTATC 


1231 




GATAGAGCGTTCCTCCT 


1232 


Cystic fibrosis 
Argil 7His 
CGC to CAC 


TACAGCOTO 1 0 1 1 AU 1 vjboAAlaAA 1 1 AOL. 1 1 1 A l ^jML.L» 

CGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGCA 

TAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 






AGCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCT 
AGATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCA 
TAGGAAGCTATGATTCTTCCCAGTAAGAGAGGCTGTA 


1234 




GGAGGAACGCTCTATCG 


1235 




CGATAGAGCGTTCCTCC 


1236 


Cystic fibrosis 
Argil 7Leu 
CGCtoCTC 


T A P A OPPTPTPTTAPTPPP A AO A ATP ATAr^PTTPPTATHAPP 
I AUAoUu ! 0 1 U 1 1 Au 1 oUUAAoAA i UA 1 AoLf 1 1 L»u 1 1\ i 

CGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGCA 
TAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 


\ I 




AGCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCT 
AGATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCA 
TAGGAAGCTATGATTCnCCCAGTAAGAGAGGCTGTA 


Moo 




GGAGGAACGCTCTATCG 


1239 




CGATAGAGCGTTCCTCC 


1240 
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:|cainlealPheRot5j|>e& 
Mutation 


Correcttag Oli^&s 


sea ID 

MO: 


Cystic fibrosis 
Argil 7Pro 
CGCtoCCC 


TACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACC 

CGGATAACAAGGAGGAACGCTCTATCGCGATTTATCTAGGCA 

TAGGCTTATGCCTTCTCTTTATTGTGAGGACACTGCT 






AGCAGTGTCCTCACAATAAAGAGAAGGCATAAGCCTATGCCT 
AGATAAATCGCGATAGAGCGTTCCTCCTTGTTATCCGGGTCA 
TAGGAAGCTATGATTCTTCCCAGTAAGAGAGGCTGTA 


1242 




GGAGGAACGCTCTATCG 


1243 




CGATAGAGCGTTCCTCC 


1244 


Cystic fibrosis 

Ala120Thr 

GCG-ACG 


CTCTTACTGGGAAGAATCATAGCTTCCTATGACCCGbATAAU 
AAGGAGGAACGCTCTATCGCGATTTATCTAGGCATAGGCTTA 
TGCCTTCTCTTTATTGTGAGGACACTGCTCCTACACC 






GGTGTAGGAGCAGTGTCCTCACAATAAAGAGAAGGCATAAG 
CCTATGCCTAGATAAATCGCGATAGAGCGTTCCTCCTTGTTA 
TCCGGGTCATAGGAAGCTATGATTCTTCCCAGTAAGAG 


1246 




GCTCTATCGCGATTTAT 


1247 




ATAAATCGCGATAGAGC 


1248 


Cystic fibrosis 

Tyr122Term 

TATtoTAA 


GGGAAGAATCATAGCTTCCTATGACCCGGATAAGAAbCaAbbA 

ACGCTCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTCT 

CTTTATTGTGAGGACACTGCTCCTACACCCAGCCATT 






AATGGCTGGGTGTAGGAGCAGTGTCCTCACAATAAAGAGAA 

GGCATAAGCCTATGCCTAGATAAATCGCGATAGAGCGTTCCT 

CCTTGTTATCCGGGTCATAGGAAGCTATGATTCTTCCC 


1250 




GCGATTTATCTAGGCAT 


1251 




ATGCCTAGATAAATCGC 


1252 


Cystic fibrosis 

Gly126Asp 

GGC-GAC 


TAGCTTCCTATGACCCGGATAACAAGGAGGAACGCTOTAiCb 
CGATTTATCTAGGCATAGGCnATGCCTTCTCTTTATTGTGAG 
GACACTGCTCCTACACCCAGCCAI 1 1 1 IGGCCTTCA 






TGAAGGCCAAAAATGGCTGGGTGTAGGAGCAGTGTCCTCAC 
AATAAAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGAT 
AGAGCGTTCCTCCTTGTTATCCGGGTCATAGGAAGCTA 


1254 




AGGCATAGGCTTATGCC 


1255 




GGCATAAGCCTATGCCT 


1256 
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5 





CorreetlEig Oirgos 


mi 


Cystic fibrosis 

His139Arg 

CACtoCGC 


TCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTTTATTbT 
GAGGACACTGCTCCTACACCCAGCCAI 1 1 1 IGGCCTTCATCA 
CATTGGAATGCAGATGAGAATAGCTATGTTTAGTTT 






AAACTAAACATAGCTATTCTCATCTGCATTCCAATGTGATGAA 
GGCCAAAAATGGCTGGGTGTAGGAGCAGTGTCCTCACAATA 
AAGAGAAGGCATAAGCCTATGCCTAGATAAATCGCGA 


1258 




GCTCCTACACCCAGCCA 


1259 




TGGCTGGGTGTAGGAGC 


1260 


Cystic fibrosis 

Ala141Asp 

GCCtoGAC 


TTTATCTAGGCATAGGCTTATGCCTTCTCTTTATTGTGACjbAO 
ACTGCTCCTACACCCAGCCAI 1 1 1 1 GGCCTTCATCACATTGG 
AATGCAGATGAGAATAGCTATGTTTAGTTTGATTTA 






TAAATCAAACTAAACATAGCTATTCTCATCTGCATTCCAATGT 
GATGAAGGCCAAAAATGGCTGGGTGTAGGAGCAGTGTCCTC 
ACAATAAAGAGAAGGCATAAGCCTATGCCTAGATAAA 


1262 




ACACCCAGCCATTTTTG 


1263 




CAAAAATGGCTGGGTGT 


1264 


Cystic fibrosis 
lle148Thr 
ATT to ACT 


GCCTTCTCTTTATTGTGAGGACACTGCTCCTACACCCAvjUCA 
TTTTTGGCCTTCATCACAnGGAATGCAGATGAGAATAGCTAT 
GTTTAGTTTGATTTATAAGAAGGTAATACTTCCTTG 






CAAGGAAGTATTACCTTCTTATAAATCAAACTAAACATAGCTA 
TTCTCATCTGCATTCCAATGTGATGAAGGCCAAAAATGGCTG 
GGTGTAGGAGCAGTGTCCTCACAATAAAGAGAAGGC 


1266 




TCATCACATTGGAATGC 


1267 




GCATTCCAATGTGATGA 


1268 


Cystic fibrosis 

Gly149Arg 

GGAtoAGA 


CTTCTCTTTATTGTGAGGACACTGCTCCTACACCCAGCCATTT 
TTGGCCTTCATCACATTGGAATGCAGATGAGAATAGCTATGTT 
TAGTTTGATTTATAAGAAGGTAATACTTCCTTGCA 


i^by 




TGCAAGGAAGTATTACCTTCTTATAAATCAAACTAAACATAGC 

TATTCTCATCTGCATTCCAATGTGATGAAGGCCAAAAATGGCT 

GGGTGTAGGAGCAGTGTCCTCACAATAAAGAGAAG 


1270 




ATCACATTGGAATGCAG 


1271 




CTGCATTCCAATGTGAT 


1272 
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Mutattoi] 


Correctle^Oiigos 


SEQtD 
NO: 




Cystic fibrosis 
Gin 151 Term 
CAGtoTAG 


TTTATTGTGAGGACACTGCTCCTACACCCAbLL/AI 1 1 1 IbbU 

CTTCATCACATTGGAATGCAGATGAGAATAGCTATGTTTAGTT 

TGATTTATAAGAAGGTAATACTTCCTTGCACAGGCC 








GGCCTGTGCAAGGAAGTATTACCTTCTTATAAATCAAACTAAA 
CATAGCTATTCTCATCTGCAnCCAATGTGATGAAGGCCAAAA 
ATGGCTGGGTGTAGGAGCAGTGTCCTCACAATAAA 


1274 






TTGGAATGCAGATGAGA 


1275 






TCTCATCTGCATTCCAA 


1276 


5 


Cystic fibrosis 

Lys166Glu 

AAG-GAG 


AATATATTTGTA 1 1 1 IGTTTGTTGAAATTATCTAAC/TTlCuAl 1 1 
TTCTrTTAGACTTTAAAGCTGTCAAGCCGTGTTCTAGATAAAA 
TAAGTATrGGACAACTTGTTAGTCTCCTTTCCA 


1 077 


to 




TGGAAAGGAGACTAACAAGTTCsTCCAAIACI lAI 1 1 lAlulAu 
AACACGGCTTGACAGCTTTAAAGTCTAAAAGAAAAATGGAAA 
GTTAGATAATTTCAACAAACAAAATACAAATATATT 


1278 






AGACTTTAAAGCTGTCA 


1279 






TGACAGCTTTAAAGTCT 


1280 


m 


Cystic fibrosis 

lle175Val 

ATA-GTA 


TTATCTAACTTTCCAl 1 1 1 lUI 1 1 1 AGAC 1 1 1 AAAGCTbTCAAb 
CCGTGTTCTAGATAAAATAAGTATTGGACAACTTGTTAGTCTC 
CTTTCCAACAACCTGAACAAATTTGATGAAGTAT 








ATACTTCATCAAATTTGTTCAGGTTGTTGGAAAGGAGAGTAAC 
AAGTTGTCCAATACTTAI 1 1 1 ATCTAGAACACGGCTTGACAGC 


1282 






TAGATAAAATAAGTATT 


1283 






AAIACI lAlll lAICIA 


1284 




Cystic fibrosis 

Gly178Arg 

GGAtoAGA 


TTTCCAl 1 1 1 lUI 1 1 lAGACTTTAAAGCTGTCAAGCCGTGTTCT 

AGATAAAATAAGTATTGGACAACnGTTAGTCTCCTTTCCAAC 

AACCTGAACAAATTTGATGAAGTATGTACCTATT 








AATAGGTACATACTTCATCAAATTTGTTCAGGTTGTTGGAAAG 
GAGACTAAC AAGTTGTCCAATACTTAI 1 1 1 ATCTAGAACACGG 
CTTGACAGCTTTAAAGTCTAAAAGAAAAATGGAAA 


1286 






TAAGTATTGGACAACTT 


1287 






AAGTTGTCCAATACTTA 


1288 


15 


Cystic fibrosis 

His199Gln 

CATtoCAG 


AAGATACAATGACACCTGTTTTTGCTGTGCTTTTATTTTCCAG 
GGACTTGCATTGGCACATTTCGTGTGGATCGCTCCTTTGCAA 
GTGGCACTCCTCATGGGGCTAATCTGGGAGTTGTTA 


1289 
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Mutattott 




HO: 




TAACAACTCCCAGATTA6CCCCATGAGGAGTGCCACTTGCAA 
AGGAGCGATCCACACGAAATGTGCCAATGCAAGTCCCTGGA 
AAATAAAAGCACAGCAAAAACAGGTGTCATTGTATCTT 


1290 




TTGGCACATTTCGTGTG 


1291 




CACACGAAATGTGCCAA 


1292 


Cystic fibrosis 
His199Tyr 
CAT to TAT 


GGAAGATACAATGACACCTG 1 1 1 1 1 lU lUU I ii i A i i ii 

AGGGACTTGCATTGGCAGATTTCGTGTGGATCGCTCCnTGC 

AAGTGGCACTCCTCATGGGGCTAATCTGGGAGTTGT 






ACAACTCCCAGATTAGCCCCATGAGGAGTGCCACTTGCAAAG 

GAGCGATCCACACGAAATGTGCCAATGCAAGTCCCTGGAAA 

ATAAAAGCACAGCAAAAACAGGTGTCATTGTATCnCC 


1294 




CATTGGCACATTTCGTG 


1295 




CACGAAATGTGCCAATG 


1296 


Cystic fibrosis 

Pro205Ser 

CCTtoTCT 


TG 1 1 1 1 1 GCTbToC 1 1 1 1 A 1 1 1 1 UoAbboALr 1 1 uOA 1 1 uoLrAO 
ATTTCGTGTGGATCGCTCCTTTGCAAGTGGCACTCCTCATGG 
GGCTAATCTGGGAGTTGTTACAGGCGTCTGCCTTCT 






AGAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCCCATG 
AGGAGTGCCACTTGCAAAGGAGCGATCCACACGAAATGTGC 
CAATGCAAGTCCCTGGAAAATAAAAGCACAGCAAAAACA 


1298 




GGATCGCTCCTTTGCAA 


1299 




TTGCAAAGGAGCGATCC 


1300 


Cystic fibrosis 

Leu206Trp 

TTGtoTGG 


1 1 1 GCTGTGC 1 1 1 lAT 1 1 luLAoboAOl IboAl Hjouaoai i i 
CGTGTGGATCGCTCCTTTGCAAGTGGCACTCCTCATGGGGC 
TAATCTGGGAGTTGTTACAGGCGTCTGCCTTCTGTGG 


1 OU 1 




CCACAGAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCC 
CATGAGGAGTGCCACTTGCAAAGGAGCGATCCACACGAAAT 
GTGCCAATGCAAGTCCCTGGAAAATAAAAGCACAGCAAA 


1302 




CGCTCCTTIGCAAGTGG 


1303 




CCACTTGCAAAGGAGCG 


1304 


Cystic fibrosis 

Gln220Temi 

CAGtoTAG 


TTrr5Tr:Tr5r5ATf^r;rTmTTGrAARTGGCACTCCTCATGGG 
GCTAATCTGGGAGTTGTTACAGGCGTCTGCCTTCTGTGGACT 
TGGTTTCCTGATAGTCCTTGCCCl 1 1 1 ICAGGCTGGGC 


1305 




GCCCAGCCTGAAAAAGGGCAAGGACTATCAGGAAACCAAGT 
CCACAGAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCC 
CATGAGGAGTGCCACTTGCAAAGGAGCGATCCACACGAA 


1306 
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;CJInlcalPtie80type& 
Mutation 


Correcting OSgos 


SEQiD 
MO: 




AGTTGTTACAGGCGTCT 


1307 


AGACGCCTGTAACAACT 


1308 


Cystic fibrosis 

Cys225Arg 

TGT-CGT 


CC 1 1 1 GCAAGTGGUAO I OL. 1 LA 1 UooLjU I AA 1 u 1 (jCsvjAo I I 

GTTACAGGCGTCTGCCTTCIGTGGACTTGGTTTCCTGATAGT 

CCTTGCCCTTTTTCAGGCTGGGCTAGGGAGAATGATGA 




TCATCATTCTCCCTAGCCCAGCCTGAAAAAGGGCAAGGACTA 

TCAGGAAACCAAGTCCACAGAAGGCAGACGCCTGTAACAAC 

TCCCAGATTAGCCCCATGAGGAGTGCCACTTGCAAAGG 


1310 


CTGCCTTCIGTGGACTT 


1311 


AAGTCCACAGAAGGCAG 


1312 


Cystic fibrosis 

Val232Asp 

GTCtoGAC 


TGGGGC 1 AA 1 U 1 ouoAo 1 Ivj 1 1 AOAooUo 1 Kj I ooo I i u i o i 
GGACTTGGTTTCCTGATAGTCCTTGCCCI 1 1 1 ICAGGCTGGG 
CTAGGGAGAATGATGATGAAGTACAGGTAGCAACCTAT 




ATAGGTTGCTACCTGTACTTCATCATCATTCTCCCTAGCCCA 
GCCTGAAAAAGGGCAAGGACTATCAGGAAACCAAGTCCACA 
GAAGGCAGACGCCTGTAACAACTCCCAGATTAGCCCCA 


1314 


CCTGATAGICCTTGCCC 


1315 


GGGCAAGGACTATCAGG 


1316 


Cystic fibrosis 

Gly239Arg 

GGGtoAGG 


GTTACAooOo i u 1 vjUU 1 1 U 1 o 1 ooAU 1 1 oo 1 1 I I oA I Ao I 
CCTTGCCCTTTTTCAGGCIGGGCTAGGGAGAATGATGATGAA 
GTACAGGTAGCAACCTAI 1 1 1 CATAACTTGAAAGTTT 


i-j \ 1 


AAACTTTCAAGTTATGAAAATAGGTTGCTACCTGTACTTCATC 

ATCATTCTCCCTAGCCCAGCCTGAAAAAGGGCAAGGACTATC 

AGGAAACCAAGTCCACAGAAGGCAGACGCCTGTAAC 


1318 


TTTCAGGCIGGGCTAGG 


1319 


CCTAGCCCAGCCTGAAA 


1320 



EXAMPLE 10 
Cyclin-dependent kinase inhibitor 2A - CDKN2A 

The human CDKN2A gene was also designated MTS-1 for multiple tumor suppressor-1 
and has been implicated in multiple cancers including, ^ir axample, malignant melanoma. Malignant 
melanoma is a cutaneous neoplasm of melanocytes. Melanomas generally have features of asymmetry, 
irregular border, variegated color, and diameter greater than 6 mm. The precise cause of melanoma is 
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unknown, but sunlight and heredity are risk factors. Melanoma has been increasing during the past few 
decades. 

The CDKN2A gene has been found to be homozygously deleted at high frequency in cell 
lines derived from tumors of lung, breast brain, bone, skin, bladder, kidney, ovary, and lymphocyte. 
Melanoma cell lines carried at least one copy of CDKN2A in combination with a deleted allele. Melanoma 
cell lines that carried at least 1 copy of CDKN2A frequently showed nonsense, missense, or fi-ameshift 
mutations in the gene. Thus, CDKN2A may rival p53 (see Example 5) in the universality of its 
involvement in tumorigenesis. The attached table discloses the correcting oligonucleotide base 
sequences for the CDKN2A oligonucleotides of the invention. 



Table 17 

CDKN2A Mutations and Genome-Correctina Oliaos 



i iCintcal Fi)enotype & 
fiAutaSon 




SEQiD - 
HO; 


Melanoma 
Trp15Term 
TGG-TAG 


rmrf5r;f^f5r5r5r5Af5rA<^rATrif5Afirr(^RrGRCGGGGAGCAG 
CATGGAGCCTTCGGCTGACTGGCTGGCCACGGCCGCGGCCC 
GGGGTCGGGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGG 


1321 


CCCGCCTCCAGCAGCGCCCGCACCTCCTCTACCCGACCCCG 

GGCCGCGGCCGTGGCCAGCCAGTCAGCCGAAGGCTCCATGC 

TGCTCCCCGCCGCCGGCTCCATGCTGCTCCCCGCCGCCC 


1322 


GGCTGACTGGCTGGCCA 


1323 


TGGCCAGCCAGTCAGCC 


1324 


Melanoma 
Leu16Pro 
CTG-CCG 


CGGCGGGGAGCAGCATGGAGCCGGCGGCGGGGAGCAGCAT 
GGAGCCTTCGGCTGACTGGCIGGCCACGGCCGCGGCCCGG 
GGTCGGGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGGGG 
C 


1325 


GCCCCCGCCTCCAGCAGCGCCCGCACCTCCTCTACCCGACC 
CCGGGCCGCGGCCGTGGCCAGCCAGTCAGCCGAAGGCTCC 
ATGCTGCTCCCCGCCGCCGGCTCCATGCTGCTCCCCGCCG 


1326 


TGACTGGCIGGCCACGG 


1327 


CCGTGGCCAGCCAGTCA 


1328 


Melanoma 

Gly23Asp 

GGT-GAT 


CGGCGGCGGGGAGCAGCATGGAGCCTTCGGCTGACTGGCTG 
GCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGG 
CGCTGCTGGAGGCGGGGGCGCTGCCCAACGCACCGAATAG 


1329 


CTATTCGGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGCGC 
CCGCACCTCCTCTACCCGACCCCGGGCCGCGGCCG . GGCCA 
GCCAGTCAGCCGAAGGCTCCATGCTGCTCCCCGCCGCCG 


1330 


GGCCCGGG6TCGGGTAG 


1331 
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5 



li finical PtienotypeA 
Mutafion 




SEOID 
NO; 




CTACCCGACCCCGGGCC 


1332 


Melanoma 

Arg24Pro 

CGG-CCG 


CGGCGGGGAGCAGCATGGAGCCTTCGGCTGACTGGCTGGCC 
ACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGTGCGGGCGC 
TGCTGGAGGCGGGGGCGCTGCCCAACGCACCGAATAGTTA 


1333 


TAACTATTCGGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGC 
GCCCGCACCTCCTCTACCCGACCCCGGGCCGCGGCCGTGGC 

CAGCCAbT CAbUHjAAovjU 1 uUA 1 vaU 1 1 L.Ot^uolxUO 


1334 


CCGGGGTCGGGTAGAGG 


1335 


CCTCTACCCGACCCCGG 


1336 


Melanoma 
Leu32Pro 
CTG-CCG 


CGGCTGACTGGCTGGCCACGGCCGCGGCCCGGGGTCGGGT 
AGAGGAGGTGCGGGCGCTGCIGGAGGCGGGGGCGCTGCCC 
AACGCACCGAATAGTTACGGTCGGAGGCCGATCCAGGTGGG 


1337 


CCCACCTGGATCGGCCTCCGACCGTAACTATTCGGTGCGTTG 
GGCAGCGCCCCCGCCTCCAGCAGCGCCCGCACCTCCTCTAC 

CCGACCCCGGGCCGCGGCCGTGGOOAbL.L.Ab 1 L.AbL.L.b 


1338 


GGCGCTGCIGGAGGCGG 


1339 


CCGCCTCCAGCAGCGCC 


1340 


Melanoma 

Gly35Ala 

GGG-GCG 


GGCTGGCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGT 
GCGGGCGCTGCTGGAGGCGGGGGCGCTGCCCAACGCACCG 
AATAGTTACGGTCGGAGGCCGATCCAGGTGGGTAGAGbblC 


1341 


GACCCTCTACCCACCTGGATCGGCCTCCGACCGTAACTATTC 
GGTGCGTTGGGCAGCGCCCCCGCCTCCAGCAGCGCCCGCAC 


1342 


GGAGGCGGGGGCGCTGC 


1343 


GCAGCGCCCCCGCCTCC 


1344 


Melanoma 
Tyr44Term 
TACg-TAA 


GGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGGGGCGCTG 

CCCAACGCACCGAATAGTTACGGTCGGAGGCCGATCCAGGTG 

GGTAGAGGGTCTGCAGCGGGAGCAGGGGATGGCGGGCGA 


1345 


TCGCCCGCCATCCCCTGCTCCCGCTGCAGACCCTCTACCCAC 
CTGGATCGGCCTCCGACCGTAACTATTCGGTGCGTTGGGCAG 
CbCOOQ/UbLrL' 1 UL» AboAbobUUvjbuALrO 1 uL» 1 1 Aov/ 


1346 


AATAGTTACGGTCGGAG 


1347 


CTCCGACCGTAACTATT 


1348 


Melanoma 

Met53lle 

ATGa-ATC 


TCTCCCATACCTGCCCCCACCCTGGCTCTGACCACTCTGCTC 
TCTCTGGCAGGTCATGATGATGGGCAGCGCCCGCGTGGCGG 
AGCTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCA 


1349 


TGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCTCCG 

CCACGCGGGCGCTGCCCATCATCATGACCTGCCAGAGAGAG 

CAGAGTGGTCAGAGCCAGGGTGGGGGCAGGTATGGGAGA 


1350 


GTCATGATGATGGGCAG 


1351 



03/27/01 08:32 pm 
03132001 -INY]727604.1 



-127- 



GInicat Pljeaoi^pe & 
Mutafion 


Correctltig Oltgos 


SEOID 
NO: 




CTGCCCATCATCATGAC 


1352 


Melanoma 

Met54lle 

ATGg-ATT 


CCCATACCTGCCCCCACCCTGGCTCTGACCACTCTGCTCTCT 
CTGGCAGGTCATGATGATGGGCAGCGCCCGCGTGGCGGAGC 
TGCTGCTGCTCCACGGCGCboACaULLAAU 1 bUtaL-AbAO 


1353 


GTCTGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 
CCGCCACGCGGGCGCTGCCCATCATCATGACCTGCCAGAGA 


1354 


ATGATGATGGGCAGCGC 


1355 


GCGCTGCCCATCATCAT 


1356 


Melanoma 

Ser56lle 

AGC-ATC 


GCCGGCCCCCACCCTGGCTCTGACCATTCTGTTCTCTCTGGC 
AGGTCATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTG 

CTGCTCCACGGCGCGGAGCGOAAOTbLbOObAOUUU 


1357 


GCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCA 
GCAGCTCCGCCACTCGGGCGCTGCCCATCATCATGACCTGCC 

AUAvjAoAAOMoMM I vjO I OMOMoOLfrVVjJOO I ov3V30wv-^ovjvjv«» 


1358 


GATGGGCAGCGCCCGAG 


1359 


CTCGGGCGCTGCCCATC 


1360 


Melanoma 

Ala57Val 

GCC-GTC 


GGCCCCCACCCTGGCTCTGACCATTCTGTTCTCTCTGGCAGG 
TCATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTG 

CTCCACGGCGCGGAGCCCAACTGOGOLbAOOuubUUALr 


1361 


GTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAGCA 
GCAGCAGCTCCGCCACTCGGGCGCTGCCCATCATCATGACCT 
ppp A p A p A p A A p AP A ATririTp A n Afi rp A r^nnjr^Rf^f^Rnn 


1362 


GGGCAGCGCCCGAGTGG 


1363 


CCACTCGGGCGCTGCCC 


1364 


Melanoma 

Arg58Term 

cCGA-TGA 


CCCCCACCCTGGCTCTGACCATTCTGTTCTCTCTGGCAGGTC 
ATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTGCT 
CCACGGCGCGGAGCCCAACTGCGCCGAC/UOUbOUAU 1 0 


1365 


GAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAG 
CAGCAGCAGCTCCGCCACTCGGGCGCTGCCCATCATCATGAC 

pTPPp A p A p A/^ A Ap Ar^ A ATfif^TP Af^A^^ppAf^f^riTnnr^nn 

w I ULrOAUAoAVJAAOAoAA i VJVJ 1 OAVjMOv^vyrVOOO I OOvJVJVJ 


1366 


GCAGCGCCCGAGTGGCG 


1367 


CGCCACTCGGGCGCTGC 


1368 


Melanoma 

Val59Gly 

GTG-GGG 


CACCCTGGCTCTGACCATTCTGTTCTCTCTGGCAGGTCATGAT 
GATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTGCTCCACG 
GCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTCAC 


1369 


GTGAGAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTG 

GAGCAGCAGCAGCTCCGCCACTCGGGCGCTGCCCATCATCA 

TGACCTGCCAGAGAGAACAGAATGGTCAGAGCCAGGGTG 


1370 


CGCCCGAGIGGCGGAGC 


1371 
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; ;CBnlcalPheRotype& | 
MvtaSon | 


ConifitiagOrtgos 


NO: 




GCTCCGCCACTCGGGCG 


1372 


Melanoma 

Leu62Pro 

CTG-CCG 


TCTGACCACTCTGCTCTCTCTGGCAGGTCATGATGATGGGCA 
GCGCCCGCGTGGCGGAGCIGCTGCTGCTCCACGGCGCGGA 
GCCCAACTGCGCAGACC.0TC3uL.AU 1 0 1 L.AUL.L.LiAL.O<j>Ij i 


1373 




ACCGGTCGGGTGAGAGTGGCAGGGTCTGCGCAGTTGGGCTC 
CGCGCCGTGGAGCAGCAGCAGCTCCGCCACGCGGGCGCTG 

UOL/ A 1 L/A 1 L/A 1 oAL/U f oLrUAoAoMoMOoMOMvi? 1 OO I V^rvorv 


1374 




GGCGGAGCTGCTGCTGC 


1375 




GCAGCAGCAGCTCCGCC 


1376 


Melanoma 
Ala68Val 

GCG-GTG 


TCTGGCAGGTCATGATGATGGGCAGCGCCCGCGTGGCGGAG 
CTGCTGCTGCTCCACGGCGCGGAGCCCAACTGCGCAGACCC 
TGCCAC 1 C 1 L.ALL.HjAL.L.00 I oUA 1 oA 1 oU 1 0UL.V-.0V30M 


1377 




TCCCGGGCAGCATCATGCACCGGTCGGGTGAGAGTGGCAGG 
GTCTGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 
rmrPArrirf^Rf^rnrTfirrrATnATnATGACCTGCCAGA 


1378 




CCACGGCGCGGAGCCCA 


1379 




TGGGCTCCGCGCCGTGG 


1380 


Melanoma 
Asn71Lys 
AACt-AAA 


CATGATGATGGGCAGCGCCCGAGTGGCGGAGCTGCTGCTGC 
TCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTC 

ACCCGACCCt>TtjC.ALbAL.bL. 1 VjOUOtjbLjAoljtsL. 1 1 OL. 1 


1381 




CAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGA 
GAGTGGCGGGGTCGGCGCAGTTGGGCTCCGCGCCGTGGAG 
OAoUAoUAoU 1 L/LroLrOAu 1 uoooUoU 1 oUUUA I uA i OA i o 


1382 




GAGCCCAACTGCGCCGA 


1383 




TCGGCGCAGTTGGGCTC 


1384 


Melanoma 
Asn71Ser 
AAC-AGC 


tcatgatgatgggcagcgcccgagtggcggagctgctgctg 
ctccacggcgcggagcccaactgcgccgaccccgccactct 

CACOOoAULrUo 1 buAUoAUoL/ 1 oLrLrL/OooAoooLr i 1 OO i 


1385 




AGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAG 
AGTGGCGGGGTCGGCGCAGFGGGCTCCGCGCCGTGGAGCA 
ppAr^PAnpTPPnppAPTPr^nnpf^rTnrnnATfiATnATRA 

OOAoOAoO 1 OOoOOAO 1 OOOOOOO ( OOOV^M 1 VrV I ova i O-rv 


1386 




ggagcccaactgcgccg 


1387 




CGGCGCAGTTGGGCTCC 


1388 


Melanoma 

Pro81Leu 

CCC-CTC 


agctgctgctgctccacggcgcggagcccaactgcgccgac 

CCCGCCACTCTCACCCGACCCGTGCACGAoCjC 1 boUUbbbA 
GGGCTTCCTGGACACGCTGGTGGTGCTGCACCGGGCCGG 


1389 




CCGGCCCGGTGCAGCACCACCAGCGTGTCCAGGAAGCCCTC 
CC^CoCAGCGTCGTGCACGGGTCGGGTGAGAGTGGCGGGG 
TCGGCGCAGTTGGGCTCCGCGCCGTGGAGCAGCAGCAGCT 


1390 




CACCCGACCCGTGCACG 


1391 
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MutaSon 




SEqID 
NO: 






CGTGCACGGGTCGGGTG 


1392 




Melanoma 
Asp84Tyr 
cGAC-TAC 


CTGCTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCAC 
TCTCACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCC 
TGGACACGCTGGTGGTGCTGCAC0bC3bU0boobU<jLt3<ju 


1393 






GCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCCAGG 
AAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAGAGT 


1394 






CCGTGCACGACGCTGCC 


1395 






GGCAGCGTCGTGCACGG 


1396 


5 


Melanoma 

AlaSSThr 

cGCT-ACT 


CTCCACGGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCT 
CACCCGACCCGTGCACGACGCTGCCCGGGAGGGCTTCCTGG 
ACACGCTGGTGGTGCTGCACCGbbCLbbbbUvjOtabU I bb 


1397 






CCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGTCC 
AGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCGGGTGAG 


1398 


m 




TGCACGACGCTGCCCGG 


1399 






CCGGGCAGCGTCGTGCA 


1400 




Melanoma 

Arg87Pro 

CGG-CCG 


GCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTCACCCGA 
CCCGTGCACGACGCTGCCCGGGAGGGCTTCCTGGACACGCT 
GGTGGTGCTGCACCGGGCCGGGGC(jC/CjbO 1 bbALb 1 bUb 


1401 






CGCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAG 
CGTGTCCAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTC 


1402 






CGCTGCCCGGGAGGGCT 


1403 






AGCCCTCCCGGGCAGCG 


1404 


10 


Melanoma 

Arg87Trp 

cCGG-TGG 


GGCGCGGAGCCCAACTGCGCCGACCCCGCCACTCTCACCCG 
ACCCGTGCACGACGCTGCCCGGGAGGGCTTCCTGGACACGC 

TGGTGGTGCTGCACCGGGCCGGGGCGCGGu 1 bbAub 1 bo 


1405 






GCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGC 
GTGTCCAGGAAGCCCTCCCGGGCAGCGTCGTGCACGGGTCG 

oo i OAOAO 1 OOLrOOOO 1 WOOLrOwAO l I OOOV^ 1 VVOUOVm^O 


1406 






ACGCTGCCCGGGAGGGC 


1407 






GCCCTCCCGGGCAGCGT 


1408 


15 


Melanoma 

Leu97Arg 

CTG-CGG 


CTCTCACCCGACCGGTGCATGATGCTGCCCGGGAGGGCTTC 

CTGGACACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGCT 

GGACGTGCGCGATGCCTGGGGTCGTCTGCCCGTGGACTT 


1409 






AAGTCCACGGGCAGACGACCCCAGGCATCGCGCACGTCCAG 

CCGCGCCCCGGCCCGGT^.C^GCACCACCAGCGTGTCCAGGA 

AGCCCTCCCGGGCAGCATCATGCACCGGTCGGGTGAGAG 


1410 






GGTGGTGCIGCACCGGG 


1411 
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; $GlmlcalPlieROiype& 
Mutagon 


CorreetltigOitgos 


^cA in 

mi 




CCCGGTGCAGCACCACC 


1412 


Melanoma 

Arg99Pro 

CGG-CCG 


CCCGACCGGTGCATGATGCTGCCCGGGAGGGCTTCCTGGAC 

ACGCTGGTGGTGCTGCACCGGGCCGGGGCGCGGCTbbALb 
TGCGCGATGOO 1 (jbUb i 1 0 1 ououo i v^^mo i i ^(ouuom 


1413 




TCGGCCAAGTCCACGGGCAGACGACCCCAGGCATCGCGCAC 
GTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAGCGTGT 
r r & r r A app r PTrppf^f^ f5r AfiP ATP ATGC ACCGGTCGGG 


1414 




GCTGCACCGGGCCGGGG 


1415 




CCCCGGCCCGGTGCAGC 


1416 


Melanoma 
GlylOITrp 

cGGG-TGG 


CCGGTGCATGATGCTGCCCGGGAGGGCTTCCTGGACACGCT 

GGTGGTGCTGCACCGGGCCGGGGCGCGGCTGGAUb 1 GLbL 
r^ATr^r^r^rnnr^PTPriTrTr^Prpr^Tf^nArTTnf^nORAGGAGC 

bA I bbb 1 vjOVJO 1 Oo 1 O 1 1 00r\0 i 1 ooVwrOVJrvvjvjrvvj^vy 


1417 




GCTCCTCGGCCAAGTCCACGGGCAGACGACCCCAGGCATCG 

CGCACGTCCAGCCGCGCCCCGGCCCGGTGCAGCACCACCAG 

rPTrsTrrAf^rjAAfirrrTrrcRGGCAGCATCATGCACCGG 


1418 




ACCGGGCCGGGGCGCGG 


1419 




CCGCGCCCCGGCCCGGT 


1420 


Melanoma 

Arg107Cys 

gCGC-TGC 


CGGGAGGGCTTCCTGGACACGCTGGTGGTGCTGCAGCGGGC 

CGGGGCGCGGCTGGACGTGCGCGATGCCTbbbb 1 Ob 1 L 1 bb 


1421 


CAACGTCGCGGTGGCCCCGCTCCTCGGCCAAGTCCACGGGC 
AGACGACCCCAGGCATCGCGCACGTCCAGCCGCGCCCCGGC 
prrsrsxr^r ARPArrArPAfirRTGTCCAGGAAGCCCTCCCG 


1422 




TGGACGTGCGCGATGCC 


1423 




GGCATCGCGCACGTCCA 


1424 


Melanoma 
AlallSThr 
gGCT-ACT 


CACCGGGCCGGGGCGCGGCTGGACGTGCGCGATGCCTGGG 

GCCGTCTGCCCGTGGACCTGGCTGAGGAGCTGGGCCATbbb 
nATr^Tonr^AponTAppTf^PHPf^pr^npTr^pr^nr^nrirnnAPPA 


1425 


TGGTGCCCCCCGCAGCCGCGCGCAGGTACCGTGCGACATCG 
CGATGGCCCAGCTCCTCAGCCAGGTCCACGGGCAGACGGCC 


1426 




TGGACCTGGCTGAGGAG 


1427 




CTCCTCAGGCAGGTCCA 


1428 


Melanoma 
Val126Asp 
GTC-GAC 


TGCGCGATGCCTGGGGCCGTCTGCCCGTGGACCTGGCTGAG 
r^Ar^nTPPnpPATPPPPAT^^TPrjPAPrif^TArrTf^rfirGCGGC 
TGCGGGGGGCACCAGAGGCAGTAACCATGCCCGCATAGA 


1429 




TCTATGCGGGCATGGTTACTGCCTCTGGTGCCCCCCGCAGCC 
GCGCGCAGGTACCGTGCGACATCGCGATGGCCCACCTCCTC 
AGCCAGGTCCACGGGCAGACGGCCCCAGGCATCGCGCA 


1430 




TCGCGATGICGCACGGT 


1431 
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: : clinical Fliesolype & 


i SEOiD 

ConrecHsgOitgos | no: ^ 




ACCGTGCGACATCGCGA 1 1432 



EXAMPLE 11 
Adenomatous polyposis of the colon - APC 

Adenomatous polyposis of the colon is characterized by adenomatous polyps of the 
colon and rectum; in extreme cases the bowel is carpeted with a myriad of polyps. This is a viciously 
5 premalignant disease with one or more polyps progressing through dysplasia to malignancy in untreated 

gene carriers with a median age at diagnosis of 40 years. 
JrJ Mutations in the APC gene are an initiating event for both familial and sporadic colorectal 

r: tumorigenesis and many alleles of the APC gene have been identified. Carcinoma may arise at any age 
W from late childhood through the seventh decade with presenting features including, for example, weight 
1^ loss and inanition, bowel obstruction, or bloody diarrhea. Cases of new mutation still present in these 
^ ' ways but in areas with well organized registers most other gene canriers are detected. The attached table 
F? discloses the correcting oligonucleotide base sequences for the APC oligonucleotides of the invention. 
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Table 18 

APC Mutations and Genome-Correcting OH g os 









Adenomatous polyposis 
coil* 

Arg121Term 
AGA-TGA 


GGATCTGTATCAAGCCGTTCTGGAGAGTGCAGTCCTGTTCCT 
ATGGGTTCATTTCCAAGAAGAGGGTTTGTAAATGGAAGCAGA 

^ AAA /^T* A ^"f^/^ A T A T' 1 1' A ^ A A A A i"^^ A AAA A A 

GAAAGTACTGGATATTTAGAAGAACTTGAGAAAGAGA 


1433 


TrTCTTTCTCAAGTTCTTCTAAATATCCAGTACTTTCTCTGCTT 
CCATTTACAAACCCTC1TCTTGGAAATGAACCCATAGGAACAG 
GACTGCACTCTCCAGAACGGCTTGATACAGATCC 


1434 


TTCCAAGAAGAGGGTTT 


1435 


AAAnnnTrnTCTTGRAA 


1436 


Adenomatous polyposis 
coli 

Trp157Term 


AAAAAAAAAATAGGTCATTGCTTCTTGCTGATCnGACAAAGAA 
GAAAAGGAAAAAGACTGGTATTACGCTCAACTTCAGAATCTCA 

CTAAAAGAATAGATAGTCTTCCTTTAACTGAAAA 


1437 


1 IT 1 CM^ I i AAAfn(4AA(^A( M A K ' 1 A 11 CM 1 II A(4 1 (-iAC^A I 1 ( M 
AAGTTGAGCGTAATACCAGTCI 1 II ICC III 1 CTTCTTTGTCAA 
GATCAGCAAGAAGCAATGACCTAI 1 II 1) 1 II 1 


1438 


AAAAGACTGGTATTACG 


1439 


CGIAAIACCAGICI 1 1 1 


1440 


Adenomatous polyposis 
coli 

Tyr159Term 
TAC-TAG 


AAATAGGTCATTGCTTCTTGCTGATCTTGACAAAGAAGAAAAG 
GAAAAAGACTGGTATTACGCTCAACTTCAGAATCTCACTAAAA 

A A "T* A A "T" A /■^^/^■t 1 /"V/^ 1 r 1 A A ^\ir A A A A ^Ti^^T A A .^^"T" 

GAATAGATAGTCTTCCTTTAACTGAAAATGTAAGT 


1441 


ACI lACAl 1 1 ICAGI lAAAGGAAGACIAICIAI ICI 1 1 lAGIGA 
GATTGTGAAGTTGAGCGTAATACCAGTCI 1 1 1 ICCI 1 1 ICTTCT 
TrGTCAAGATCAGCAAGAAGCAATGACCTATTT 


1442 


TGGTATTACGCTCAACT 


1443 


ARTTRAGCGTAATACCA 


1444 


Adenomatous polyposis 
coli 

Gln163Term 
CAG-TAG 


TTGCTTCTTGCTGATCTTGACAAAGAAGAAAAGGAAAAAGACT 
GGTATTACGCTCAACTTCAGAATCTCACTAAAAGAATAGATAG 
TCTTCCTTTAACTGAAAATGTAAGTAACTGGCAGT 


1445 


ACIGCCAGI lACI lACAl 1 1 ICAGI lAAAGGAAGACIAICIAI 1 
CI 1 1 lAGIGAGAI ICIGAAGI IGAGCGIAAIACCAGICI 1 1 1 10 
CI II ICTTCnTGTCAAGATCAGCAAGAAGCAA 


1446 


CTCAACTTCAGAATCTC 


1447 


fiAGATTCTGAAGTTttAG 


1448 


Adenomatous polyposis 
coli 

Arg168Temi 
AGA-TGA 


CTTGACAAAGAAGAAAAGGAAAAAGACTGGTATTACGCTCAAC 
TTCAGAATCTCACTAAAAGAATAGATAGTCTTCCTTTAACTGAA 
AATGTAAGTAACTGGCAGTACAACnATTTGAAA 


1449 


1 1 ICAAAIAAGI IGIACIGCCAGI lACI lACAl 1 1 ICAGI lAAA 
GGAAGACTATCTATTCITTTAGTGAGATTCTGAAGTTGAGCGT 
AATACCAGTCI 1 1 1 ICCI II 1 CTTCTTTGTCAAG 


1450 
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TCACTAAAAGAATAGAT 


1451 




ATCTATTOll 1 lAGTGA 


4 A CO 

1452 


Adenomatous polyposis 
coli 

Ser171l!e 
AGT-ATT 


AAGAAAAGGAAAAAGACTGGTATTACGCTCAACTTCAGAATCT 
CACTAAAAGAATAGATAGTCTTCCTTTAACTGAAAATGTAAGTA 
ACTGGCAGTACAACTTATTTGAAACTTTAATAAC 


1453 


GTTATTAAAGTTTCAAATAAGTTGTACTGCCAGTTACTTACATT 
TTCAGTTAAAGGAAGACTATCTATTCI 1 1 1 AGTGAGATTCTGAA 
GTTGAGCGTAATACCAGTCI 1 1 1 ICCI 1 1 ICTT 


1454 


AATAGATAGTCTTCCTT 


1455 


AAGGAAGACTATCTATT 


1456 


Adenomatous polyposis 
coli 

Gln181Term 
CAA-TAA 


GATTAACGTAAATACAAGATAI IGAIACI 1 1 1 1 lATTAI 1 IGTGG 

TTTTAGTTTTCCTTACAAACAGATATGACCAGAAGGCAATTGG 

AATATGAAGCAAGGCAAATCAGAGTTGCGATGG 


1457 


CCATCGCAACTCTGATTTGCCTTGCTTCATATTCCAAnGCCT 

TCTGGTCATATCTGnTGTAAGGAAAACTAAAACCACAAATAAT 

AAAAAAGTATCAATATCTTGTATTTACGTTAATC 


1458 


TTTCCTTACAAACAGAT 


1459 


ATCTGTTTGTAAGGAAA 


1460 


Adenomatous polyposis 
coll 

Glu190Term 
GAA-TAA 


CI 1 1 1 1 lAI lAI 1 IGIGGI 1 1 lAGI 1 1 ICCI 1 ACAAACAGATATG 

MuL/MUAAovjjUAA I 1 oo AA 1 A 1 0AAV3UAA0UUAAA 1 UAoAU 1 i 

GCGATGGAAGAACAACTAGGTACCTGCCAGGATA 


1461 


TATCCTGGCAGGTACCTAGTTGTrcnCCATCGCAACTCTGAT 
1 1 GOC 1 1 bC IT CATA7T CCAATTGCCTTCTGGTCATATCTGTTT 
GTAAGGAAAACTAAAACCACAAATAATAAAAAAG 


1462 


GGGAATTGGAATATGAA 


1463 


T — r/~\ ATA 1 Cr%/^ A ATT/^AN/% 

TTCATATTCCAATTGCC 


1464 


Adenomatous polyposis 
coli 

Gln208Term 
CAG-TAG 


CAATTGGAATATGAAGCAAGGCAAATCAGAGTTGCGATGGAA 
GAACAACTAGGTACCTGCCAGGATATGGAAAAACGAGCACAG 
GTAAGTTACTTGTTTCTAAGTGATAAAACAGCGAAGA 


1465 


TCTTCGCTGTTTTATCACTTAGAAACAAGTAACTTACCTGTGCT 
CGI 1 II ICCATATCCTGGCAGGTACCTAGTTGTTCTTCCATCG 
CAACTCTGATTTGCCTTGCTTCATATTCCAATTG 


1466 


GTACCTGCCAGGATATG 


1467 


CATATCCTGGCAGGTAC 


1468 


Adenomatous polyposis 
coli 

Arg213Term 
CGA-TGA 


GCAAGGCAAATCAGAGTTGCGATGGAAGAACAACTAGGTACC 
1 bUL-AboA 1 A 1 boAAAAAUbAoCACAGG 1 AAG 1 1 AC 1 1 GT I TC 
TAAGTGATAAAACAGCGAAGAGCTATTAGGAATAAA 


1469 


TTTAnCCTAATAGCICI ICGCIGI 1 1 IAICAC1 lAGAAACAAG 
TAACTTACCTGTGCTCGI 1 1 1 1 CCATATCCTGGCAGGTACCTA 
GTTGTTCTrCCATCGCAACTCTGATTTGCCTTGC 


1470 


TGGAAAAACGAGCACAG 


1471 


CTGTGCTCGI 1 1 1 ICCA 


1472 
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Adenomatous polyposis 
coli 

Arg232Term 
CGA-TGA 


Gl 1 1 lAI 1 1 lAGCGAAGAATAGCCAGAATTCAGCAAATCGAAA 
AGGACATACTTCGTATACGACAGCI 1 1 lACAGTCCCAAGCAAC 
AGAAGCAGAGGTTAGTAAATTGCCTTTCTTGnTG 


1473 


CAAACAAGAAAGGCAATTTACTAACCTCTGCTTCTGTTGCTTG 
GGACTGTAAAAGCTGTCGTATACGA,<\GTATGTCCI 1 1 ICGATT 
TGCTGAATTCTGGCTATTCTTCGCTAAAATAAAAC 


1474 


TTCGTATACGACAGCTT 


1475 


AAGCTGTCGTATACGAA 


1476 


Adenomatous polyposis 
coli 

GIn233Temi 
CAG-TAG 


MAI II lAGCGAAGAATAGCCAGAATTCAGCAAATCGAAAAGG 
ACATACTTCGTATACGACAGCI 1 1 1 ACAGTCCCAAGCAACAGA 
AGCAGAGGTTAGTAAATTGCCTTTCTTGTTTGTGG 


1477 


CCACAAACAAGAAAGGCAATTTACTAACCTCTGCTTCTGTTGC 
TTGGGACTGTAAAAGCTGTCGTATACGAAGTATGTCCTTTTCG 
ATTTGCTGAATTCTGGCTATTCTTCGCTAAAATAA 


1478 


GIAIACGACAGCIIIIA 


1479 


TAAAAGCTGTCGTATAC 


1480 


Adenomatous polyposis 
coli 

Gln247Term 
CAG-TAG 


AGAAAGCCTACACCAI 1 1 1 1 GCATGTACTGATGTTAACTCCAT 
CTTAACAGAGGTCATCTCAGAACAAGCATGAAACCGGCTCAC 
ATGATGCTGAGCGGCAGAATGAAGGTCAAGGAGTGG 


1481 


CCACTCCTTGACCTTCATTGTGCCGCTCAGCATCATGTGAGC 

CGGTTTCATGCTTGTTCTGAGATGACCTCTGTTAAGATGGAGT 

TAACATCAGTACATGCAAAAATGGTGTAGGCTTTCT 


1482 


GGTCATCTCAGAACAAG 


1483 


CTTGTTCTGAGATGACC 


1484 


Adenomatous polyposis 

Gly267Term 
GGA-TGA 


CAGAACAAGCATGAAACCGGCTCACATGATGCTGAGCGGGAG 
AATGAAGRTrAARGAGTGGRARAAATnAACATGGnAACTTCT 
GGTAATGGTCAGGTAAATAAATTAI 1 1 lATCATATTT 


1485 


AAATATGATAAAATAATTTATrTACCTGACCATrACCAGAAGTT 
oL-t/A 1 b 1 I oA 1 1 1 u 1 ouuAU 1 UL. 1 1 bAOU 1 1 OA M L> 1 bOUoU 1 
CAGCATCATGTGAGCCGGTTTCATGCTTGTTCTG 


1486 


AAGGAGTGGGAGAAATC 


1487 


b A 1 1 1 Lr 1 Uuv^AL. 1 uU 1 1 


1400 


Adenomatous polyposis 
coli 

Glu443Term 
GAA-TAA 


CTTCAAATAACAAAGCATTAIGGI 1 lAIGl IGAI 1 1 lAI 1 1 1 ICA 

GTGCCAGCTCCTGTrGAACATCAGATCTGTCCTGCTGTGTGT 

GTrCTAATGAAACTTTCATTTGATGAAGAGCATA 


1489 


TATGCTCTTCATCAAATGAAAGTTTCATTAGAACACACACAGCA 

GGACAGATCTGATGTTCAACAGGAGCTGGCACTGAAAAATAA 

AATCAACATAAACCATAATGCTTTGTTATTTGAAG 


1490 


CTCCTGTTGAACATCAG 


1491 


CTGATGTTCAACAGGAG 


1492 


Adenomatous polyposis 
coli 

SER457TER 
TCA-TAA 


CAGTGCCAGCTCCTGTTGAACATCAGATCTGTCCTGCTGTGT 
GTGTTCTAATGAAACTTTCATTTGATGAAGAGCATAGACATGC 
AATGAATGAACTAGGTAAGACAAAAATGTTTTTTAA 


1493 
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140: 




1 lAAAAAACAl 1 11 IGICI 1 ACCI AGt ICAriCAITGCATGTCTA 

P A P A P ATPTP ATPTTP A A P A PP A r^nTrinC' A PTP 

UAoAUA 1 U 1 UA 1 b I i UAAuAooAUU 1 ooOAU 1 \J 


1494 


GAAACTTTCATTTGATG 


1495 


CATCAAATGAAAGTTTC 


1496 


Adenomatous polyposis 
coli 

Gln473Term 
CAG-TAG 


AGI IGI 1 1 lAI 1 1 lAGAIGAI IGICI 1 1 1 ICCICI IGCCCI 1 1 II 

A A A TT A PPPP P A PT A P A P/^PP ATTriiP A A A TT ATT(^P A A r^T(^ 
AAA 1 1 Aov300oAL/ 1 ALrAoouuA i i oUAoAA I 1 A 1 1 oOAAo 1 U 

GACTGTGAAATGTACGGGCTTACTAATGACCACT 


1497 


AGTGGTCATTAGTAAGCCCGTACATTTCACAGTCCACTTGCAA 

T A ATT PXriP A ATnnPPTCT A r^TPPPPPT A ATTT A A A A Ar^r^HP A 
A^iAnnAAAAAriAPAATPATPTAAAATAAAAPAAPT 


1498 


GGGGACTACAGGCCATT 


1499 


AATGGCCTGTAGTCCCC 


1500 


Adenomatous polyposis 
coli 

Tyr486Term 
TAC-TAG 


II II AAA 1 lAGGGGGACTACAGGCCATTGCAGAATTATTGCAA 
TTACACTAAGACGATATGCTGGAATGGCTTTGACA 


1501 


TGTCAAAGCCAnCCAGCATATCGTGTTAGTGTAATACTGTAG 

T/TiPTP ATT A PT A A PPPPriT A P ATTTP A P A i^TPP A PTTf^P A AT A 
ATTrTf^rAATnnrrTr^TAnTrPPrPTAATTTAAAA 

M 1 1 \-/ 1 OOMf\ 1 VJOL/VMr 1 yJ 1 AO i V-/V/\-/ i AM I 1 i AAAA 


1502 


GAAATGTACGGGCTTAC 


1503 


GTAAGCCCGTACATTTC 


1504 


Adenomatous polyposis 
coli 

Arg499Temfi 
CGA-TGA 


TTGCAAGTGGACTGTGAAATGTATGGGCTTACTAATGACCACT 

A A/^T ATT" A ^ A /^X A AO Ai^/^ AT AX/^/-*XO/^ A AT/"*OOTTT/^ A A A A 

ALAGTATTAOAC/TAAGACGATA rGOTGGAATGGO 1 1 1 GAUAAA 
CTTGACI 1 1 IGGAGATGTAGCCAACAAGGTATGTT 


1505 


AACATACCTTGnGGCTACATCTCCAAAAGTCAAGTTTGTCAA 

A PPP ATTPP A PP AT ATPPTPTT A PTPT A AT APTPTAPTPPTP A 
AoLrUA 1 1 UUAouA 1 A 1 OV3 lull Ao 1 o 1 AA 1 AU I o 1 Ao 1 oo 1 LrA 

TT A f^T A A r::PPP AT A P ATTTP AP A r^TPP A PTTr^P A A 
1 1 AO 1 AAOOV/OA 1 AUA 1 1 1 AuAO 1 UwAw i f OOAA 


1506 


CACTAAGACGATATGCT 


1507 


AGCATATCGTCTTAGTG 


1508 


Adenomatous polyposis 
coli 

TyrSOOTerm 
TAT-TAG 


AGTGGACTGTGAAATGTATGGGCTTACTAATGACCACTACAGT 
ATTACACTAAGACGATATGCTGGAATGGCTTTGAGAAACTTGA 
CI 1 1 IGGAGAIGIAGCCAACAAGGIAIGI 1 1 1 lAT 


1509 


ATAAAAACATACCTTGTTGGCTACATCTCCAAAAGTCAAGTTTG 

TCAAAGCCATTCCAGCATATCGTCTTAGTGTAATACTGTAGTG 

GTCATTAGTAAGCCCATACATTTCACAGTCCACT 


1510 


AGACGATATGCTGGAAT 


1511 


ATTCCAGCATATCGTCT 


1512 


Adenomatous polyposis 
coli 

Lys586Term 
AAA-TAA 


GACAAATTCCAACTCTAATTAGATGACCCATATTCTGTTTCTTA 
CTAGGAATCAACCCTCAAAAGCGTATTGAGTGCCTTATGGAAT 
TTGTCAGCACATTGCACTGAGAATAAAGCTGATA 


1513 


TATCAGCTTTATTCTCAGTGCAATGTGCTGACAAAnCCATAA 

GGCACTCAATACGCTTTTGAGGGTTGATTCCTAGTAAGAAACA 

GAATATGGGTCATCTAATTAGAGTTGGAATTTGTC 


1514 


CAACCCTCAAAAGCGTA 


1515 
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lACGCI 1 ITGAGGGI IG 


1516 


Adenomatous polyposis 
coli 

Leu592Term 
HA-TGA 


TAGATGACCGATAT rCTGn TCTTACTAGGAATCAACCCTCAAA 
AGCGTATTGAGTGCCTTATGGAATTTGTCAGCACATTGCACTG 
AGAATAAAGCTGATATATGTGCTGTAGATGGTGC 


1517 


GCACCATCTACAGCACATATATCAGCTTTATTCTCAGTGCAAT 
GTGCTGACAAATTCCATAAGGGAGTCAATACGCI 1 1 IGAGGGT 
TGATTCCTAGTAAGAAACAGAATATGGGTCATCTA 


1518 


GAGTGCCTTATGGAATT 


1519 


AATTCCATAAG6CACTG 


1520 


Adenomatous polyposis 
coli 

Trp593Term 
TGG-TAG 


ATGACCCATATrCTGTTTCTTACTAGGAATCAACCCTCAAAAG 

CGTATrGAGTGCCTTATGGAATTTGTCAGCACATTGCACTGAG 

AATAAAGCTGATATATGTGCTGTAGATGGTGCACT 


1521 


AGTGCACCATCTACAGCACATATATCAGCTTTATTGTCAGTGC 
AATGTGGTGAGAAATTCCATAAGGCAGTCAATAGGGI 1 1 IGAG 
GGTTGATTCCTAGTAAGAAACAGAATATGGGTCAT 


1522 


TGCCTTATGGAATTTGT 


1523 


ACAAATTGCATAAGGGA 


1524 


Adenomatous polyposis 
coli 

Trp593Term 
TGG-TGA 


TGACCCATATTCTGTTTCTTACTAGGAATCAACCCTCAAAAGC 

GTATTGAGTGGCTTATGGAATTTGTGAGCACAnGGACTGAGA 

ATAAAGGTGATATATGTGGTGTAGATGGTGGACTT 


1525 


AAGTGCACGATGTACAGGAGATATATGAGGTTTATTCTCAGTG 
CAATGTGGTGACAAAnCCATAAGGCACTCAATACGCI 1 IIGA 
GGGTTGATTCGTAGTAAGAAACAGAATATGGGTGA 


1526 


GCCTTATGGAATTTGTC 


1527 


GAGAAATTCCATAAGGG 


1528 


Adenomatous polyposis 
coli 

Tyr622Term 
TAC-TAA 


TAAAGCTGATATATGTGCTGTAGATGGTGCACI IGCAI t II IG 
GTrGGGACTCTTACTTACCGGAGGCAGACAAACACTTTAGCC 
ATTATTGAAAGTGGAGGTGGGATATTACGGAATGTG 


1529 


CACATTCCGTAATATCCCACCTCCAGTTTCAATAATGGCTAAA 
GTGTTTGTCTGGCTCCGGTAAGTAAGAGTGCCAACCAAAAAT 
GCAAGTGCACCATCTACAGCACATATATCAGCTTTA 


1530 


CTTACTTACCGGAGCCA 


1531 


TGGCTCCGGTAAGTAAG 


1532 


Adenomatous polyposis 
coli 

Gln625Term 
CAG-TAG 


GATATATGTGCTGTAGATGGTGCACTTGCAI 1 1 1 IGGI IGGCA 
CTCTTACTTACCGGAGCCAGACAAACACTTTAGCCATTATTGA 
AAGTGGAGGTGGGATATTACGGAATGTGTCCAGCT 


1533 


AGCTGGACAGATTCCGTAATATCCCACCTCCACTTTCAATAAT 
GGGTAAAGTGTTTGTCTGGCTCCGGTAAGTAAGAGTGCCAAC 
CAAAAATGCAAGTGCACCATCTACAGCACATATATC 


1534 


ACCGGAGCCAGACAAAC 


1535 


RTTTRTGTGGnTCnGGT 


1536 
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SEOfP 

NO: 


Adenomatous polyposis 
coli 

Leu629Term 
TTA-TAA 


TAGATGGTGCACI IGCAI 1 1 1 IGGI 1 GGCACTCTTACTTACCG 
GAGCCAGACAAACACnTAGCCATTATTGAAAGTGGAGGTGG 

AT ATT A ^r^r* A AT^^TriTPP A /^PTTri AT A r^PT A P A A A 
oA 1 A 1 1 ALfUoAA f o I o 1 LrV^AvjU i 1 oA i Aou 1 AuAAA 


1537 




mGTAGCTATCAAGCTGGACACATTCCGTAATATCCCACCTC 

n A PTTTP A ATA ATP^iPT AAA OTP M ! /^TPT^f^PTPPf^r^TA A HT 
oAL» i I I UAA 1 A\A 1 oVjU 1 AAAo i o i 1 1 1 O 1 OOO 1 ULrOO 1 AAo 1 

A Ar; A^^Tfi PP A APP A A A A ATr^ P A A ^^Tr^P A PP ATPTA 
AAVjAVJ 1 VjUvAAOOAAAAA I VJOMAO 1 O vMwV^M i W 1 M 


1538 


AAACACTTTAGCCATTA 


1539 


TAATGGCTAAAGTGTTT 


1540 


Adenomatous polyposis 
coli 

Glu650Tem[i 
GAG-TAG 


GCCATTATTGAAAGTGGAGGTGGGATATTACGGAATGTGTCC 

AriPTTr^ATAr^PTAPAAATr^AnriAPPAPAr^nTATATATAriAf^TT 

TTATATTACI 1 1 1 AAAGTACAGAATTCATACTCTCA 


1541 


TGAGAGTATGAATTCTGTACTTTAAAAGTAATATAAAACTCTAT 

AT AT A P PT<^T(^riTPPTP ATTT^T A ^^PT ATP A A PTrjf^ AP A P AT 
TPPt^TAATATrrrArrTrPAPTTTrAATAATnnn 


1542 


CTACAAATGAGGACCAC 


1543 


GTGGTCCTCATTTGTAG 


1544 


Adenomatous polyposis 
coli 

Trp699Term 
TGG-TGA 


TGCATGTGGAACTTTGTGGAATCTCTCAGCAAGAAATCCTAAA 
oALLAooAAoOAl 1 A 1 (jooAUA 1 otauboUAu 1 1 AbLrA 1 Vjb 1 
AAGAACCTCATTCATTCAAAGCACAAAATGATTGCT 


1545 


AGCAATCATTITGTGCTTTGAATGAATGAGGnCTTGAGCATG 

PT A A CTflC^C^C^C^r^ ATf^TPPP AT A ATf^PTTPPTf^i^TP 1 1 1 LC^C^ AT 
U i AAO 1 L3UUUUUA 1 Kd 1 ouUA i AA i vsu I 1 Uw 1 1 U 1 1 i AVjvjA 1 

TTPTTPPTP Ar; Af5 ATTPP AP A A A r^TTPP AP AT^iP A 


1546 


GCATTATGGRACATGGG 


1547 


CCCATGTCCCATAATGC 


1548 


Adenomatous polyposis 
coli 

Ser713Temi 
TCA-TGA 


AAGACCAGGAAGCATTATGGGACATGGGGGCAGTTAGCATGC 

TP A A P A A PPTP ATTP ATTP A A A ^P A P A A A A T/^ ATTOPT AT/^ri/^ 
1 LrAAvjAAoo 1 Lf A 1 i uA 1 1 LrAAAoL/AuAAAA f oA i 1 v30 i A \ 


1549 


CTATTTGCCATGAGATTCCTTAAAGCTGCAGCACTTCCCATAG 

P A ATP AIM! f^Tr^P M 1 <Z A AT^ti A LTCl A r^r^TTPTTr^ A i^P ATPPT 
uAA 1 L^A 1 1 I I o 1 1 1 I oAA 1 vjAA 1 oAoo ! ! U M oAoUA 1 1 

AAPTf^PPPPPATCTPPPATAATr^PTTPPTrir^TPTT 


1550 


PATTPATTPAAAf^PAPA 


1551 


TGTGCTTTGAATGAATG 


1552 


Adenomatous polyposis 
coli 

Ser722Gly 
AGT-GGT 


GGGGCAGTTAGGATGCTCAAGAACCTCATTCATTCAAAGCAC 

AAAATGATTGCTATGGGAAGTGCTGCAGCTTTAAGGAATCTCA 

TGGCAAATAGGCCTGCGAAGTACAAGGATGCCAATA 


1553 


TATrGGCATCCTrGTACTTCGCAGGCCTATTTGCCATGAGATT 
CCTTAAAGCTGCAGCAC1TCCCATAGCAATCAI 1 1 IGTGCTTT 
GAATGAATGAGGTTCTrGAGCATGCTAACTGCCCC 


1554 


CTATGGGAAGTGCTGCA 


1555 


TGGAGGACnCOOATAG 


1556 
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nu: 


Adenomatous polyposis 
coli 

Leu764Term 
HA-TAA 


TCTCCTGGCTCAGCnGCCATCTCTTCATGTTAGGAAACAAAA 
AGCCCTAGAAGCAGAATTAGATGCTCAGCACTTATCAGAAACT 
TTTGACAATATAGACAATTTAAGTCCCAAGGCATC 


1557 


GATGCCTTGGGACTTAAATTGTCTATATTGTCAAAAG1TTCTGA 
TAAGTGCTGAGCATCTAATTCTGCTTCTAGGGCI 1 1 1 IGTTTC 
CTAACATGAAGAGATGGCAAGCTGAGCCAGGAGA 


1558 


AGCAGAATTAGATGCTC 


1559 


GAGCATCTAATTCTGCT 


1560 


Adenomatous polyposis 
coli 

Ser784Thr 
TCT-ACT 


TTAGATGCTCAGCACTTATCAGAAACTTTTGACAATATAGACAA 
TTTAAGTCCCAAGGCATCTCATCGTAGTAAGCAGAGACACAG 
CAAGTCTCTATGGTGATTATGi 1 1 1 IGACACCATC 


1561 


GATGGTGTCAAAAACATAATCACCATAGAGACTTGCTGTGTCT 
CTGCTTACTACGATGAGATGCCTTGGGACTTAAATTGTCTATA 
TTGTCAAAAGTTTCTGATAAGTGCTGAGCATCTAA 


1562 


CCAAGGCATCTCATCGT 


1563 


ACGATGAGATGCCTTGG 


1564 


Adenomatous polyposis 
coli 

Arg805Term 
CGA-TGA 


CTCATCGTAGTAAGCAGAGACACAGCAAGTCTCTATGGTGATT 
ATGI 1 1 1 IGACACCAATCGACATGATGATAATAGGTCAGACAT 
TTTAATACTGGCACATGACTGTCCTTTCACCATAT 


1565 


ATATGGTGAAAGGACAGTCATGTGCCAGTATTAAAATGTCTGA 
CCTATTATCATCATGTCGATTGGTGTCAAAAACATAATCACCAT 
AGAGACTTGCTGTGTCTCTGCTTACTACGATGAG 


1566 


ACACGAATCGACATGAT 


1567 


ATCATGTCGATTGGTGT 


1568 


Adenomatous polyposis 
coli 

Gln879Term 
CAG-TAG 


GGTCTAGGCAACTACCATCCAGCAACAGAAAATCCAGGAACT 
TCTTCAAAGCGAGGTTTGCAGATCTCCACCACTGCAGCCCAG 
ATTGCGAAAGTCATGGAAGAAGTGTCAGCCATTCATA 


1569 


TATGAATGGCTGACACTTCTTCGATGACTTTGGCAATCTGGGC 
TGCAGTGGTGGAGATCTGCAAACCTCGCTiTGAAGAAGTTCC 
TGGAI 1 1 ICTGTTGCTGGATGGTAGTTGCCTAGACC 


1570 


GAGGTTTGCAGATCTCC 


1571 


GGAGATCTGCAAACCTC 


1572 


Adenomatous polyposis 
coli 

Ser932Term 
TCA-TAA 


TACATTGTGTGACAGATGAGAGAAATGCACTTAGAAGAAGCTC 

TGCTGCCCATACACATTCAAACACTTACAATTTCACTAAGTCG 

GAAAATTCAAATAGGACATGTrCTATGCCTTATGC 


1573 


GCAIAAGGCAIAGAACAIGICCIAI 1 IGAAI 1 1 ICGGACI lAG 
TGAAATTGTAAGTGTTTGAATGTGTATGGGCAGCAGAGCTTCT 
TCTAAGTGCATTTCTCTCATCTGTCACACAATGTA 


1574 


TACACATTCAAACACTT 


1575 


AAGTGTTTGAATGTGTA 


1576 


Adenomatous polyposis 
coli 

Ser932Term 


TACATTGTGTGACAGATGAGAGAAATGCACTTAGAAGAAGCTC 

TGCTGCCCATACACATTCAAACACTTACAATTTCACTAAGTCG 

GAAAATTCAAATAGGACATGTTCTATGCCTTATGC 


1577 



TCA-TGA 



138 



03/27/01 08;40pm 
03132.001 -INY1727898.1 



